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results of a six-month study for the Ames Research Center by 
Martin Marietta Corporation, Denver Division. 
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EXECUTIVE SUMMARY . 


Saturn's largest moon, Titan, is a totally unique planetary 
body which- is certain to yield exciting new phenomena. Titan is 
sufficiently cold and massive- to retain a substantial atmosphere, 
composed largely of reducing gases which are common in the ‘outer 
solar system. These volatiles provide interesting possibilities 
for chemical evolution of organic materials through photochemical 
production, and their probable fallout to the surface leads to the 
need for chemical characterization of both the atmosphere and sur- 
face of Titan. Although current knowledge of Titan's atmosphere 
is somewhat uncertain, a more accurate atmospheric definition 
will be possible before ‘a program start based on new radio astron- 
omy Interferometry meiasurements arid results of Pioneer 11 -and'-* 
Voyager flyby of 'Titan in' 1979 and 1980, Current information is 
not sufficiently detailed to distinguish between a thin methane 
rich atmosphere and a thick "nitrogen' rich atmosphere.. Therefore, 
both the thin and thick atmospheric models were used for the study 
of various Titan probe classes described in this report. 

The objective of this study was to define the technical xequire- 
ments, conceptual design, science return, schedule, cost and mis -7 
Sion ^ip^licatlons of three probe classes that could be used for , 
the exploration of Titan. ,,The thr.ee probe classes considered by 
the study were based on a wide .range of exploration mission pos- 
sibilities and are summarized as follows: 

o Glass A “ Atmospheric Probe with atmospheric science 

only. 

o Class B - Atmospheric Probe /Lander - capable of pre- 

entry, atmospheric, and limited surface 
science. 

o Class C - Atmospheric Probe/Lander - capable of pre- 

entry, atmospheric and expanded surface 
science with extended mission duration. 
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This- studjr s_lpws thai . the, Class,.B--Erobe/;Laryier. -is^a very 
practical- Titan '^p_ioration- yehlcle> It provides an exciting 
low--risk scientific mission for a total prote cost of $70-80 M . 
C1978 dollars). ; No new technology developments are required, in 
iact considerable use can Be made from hardware inherited from 
the Pioneer Venus and JOP programs.. 

The Titan probe mission will be>Taunched in-^con junction with- 
the Saturn orbit er -and Saturn probe ■ (SOP ). The Shuttle with the 
Solar Electric Propulsion Stage will launch the orbiter and probes 
in January of 1987 with an arrival in [November .of 1993. . In the' 
current mission scenario, the* Saturn- orbiter will release the s • 
Saturn' probe 'bn 'initial approach and die -Titan probe will be . 
released from Saturn orbit in a subsequent. -.pass. After release 
from Saturn^orb±t,- the probe_entrxjyelocity--at.TiCan"is“about' . • , . 

5 or 'Slightly less> .than • the diking -lander entry .velocity 

at Mars. Because ‘of ' the ibwer 'gravity on Titan and the atmosphere 
characteristics, the entry environment- is- less severe on Titan, 
than on Mars, - .* r ^ . ' , ? . - 

Because of the large uncertainties In the Titan atmsbphere - 
and surface characteristics, many probe configuration trade offs 

wer^ done which included various combinations of entry shapes-^ 

< ' > ' ' ' ' r * ‘ » * * , * , * ' * j 

parachutes, descent shapes, and hard and soft landers. From 

these trades a basic hard lander configuration was selected which' 

provides a practical design approach for both lander classes. 

This ^configuration is typified by the Class B probe/lander^ which' 

is described briefly 'in the. following paragraph.! , - : 

Emphasis was placed on the Class B probe which meets the basic 
science requirements established by the Space Science Board Cl 975) 
and the Reston Workshop pn .the Saturn System (1978). The Class A 
and Class C probes provided basic technical, science return and 
cost trade- data for use in future mission and program planning 
and in understanding the relative merits of the Class B, probe. 

The descent sequence, science payload, and probe configuration 
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are illustrated in figures 1 and 2. The basic probe configura- 
tion' includes a 7Q-'degree half angle cone aerbshell \ 7 ttt 1 a spher- 
ical base cover* The pre-entry' science toroidal module is in 
place in the pf e-eiitiry illus'tration'which lists the pre-entry 
science payload complement. The module is jettisoned prior to' 
entry and, after entry in the thin atmospheric model case, the 
parachute is deployed to slow the vehicle and allow sufficient 
time for descent science-measurements. (No parachute is required 
for the thick atmospheric model case.) . At parachute deployment, 
a nose cover is also deployed from the center of the heat shield, 
exposing the atmospheric sample inlets /and descent camera. The 
sample inlet is extended slightly beyond the , heat shield , boundary 
layer to obtain uncontaminated-'samples. The parachute is jetti- 
soned prior to touchdown and the probe is allowed to free fall to 
the surface.. The crushable honeycomb aaroshell attenuates the 
landing impact, provides good impact stability and low penetration 
on hard.' or snowy surfaces, and flotation on -a liquid surface • 

Aflier touchdown the surface science implementation sequence is 
begun in which the imaging and meteorology mast is deployed up- 
ward and the surface sample core drill is extended downward. The 
primary .surface science data are transmitted to the orbiter within 
the first 90 minutes and secondary data are transmitted until the 
orbiter travels to the horizon or out pf range. 

Study Results - A broad range of probe classes and mission 
alternatives were evaluated* as a function of the large environ- 
mental uncertainties- with the following results: 


o Titan Probe* I'lasses:* • . , 

Thick Atmosphere Thin Atmosphere 

( 30 % Probable* Surface) . 


Glass A 
Class B 
Class C 


llA kg 
226 
351 


113 kg 

227 

355 
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Preentry Science 

- Neutral Mass Spectrometer (1-46 AMU) 

— Ion Mass Spectrometer 

- Retarding Potential Analyzer 

— Electron Temperature Probe 


Atmospheric Science 

— Atmosphere Structure Instrument 

— Multispectral Radiometer 

— Nephelometer 

— Neutral Mass Spectrometer A 

— Gas Chromatograph ^ ’ 

— Descent Imagery 


Surface Science 

— Impact Accelerometer 

— Composition 

— Meteorology 

— Surface Imaging 


Figure 1 Class B Probe/Lander Entry and Descent Sequence 



Figure 2 Class B Probe/Lander Configuration 
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o 


Titan Probe Program Costs; 


Class B 


Class A 


Class C 


$40 - 50 M 
$70 - 80 M 
$90 --105 M 


o Impact of thin versus thick C30% Probable Surface) atmos— 
phere on design is minimal. 

o Thick (10% Probable Surface) atmosphere increases Class B 
probe design weight by 30%. 

o 32-day extended mission time increased Class B probe 
weight by 10%. 

o Hard lander configuration provides: 

- Practical design for all lander classes, 

- Good impact stability, 

- Low penetration on ice or snow, and 

- Flotation on liquid surface. 

ConoZusions - Based on the study results, the following con- 
clusions were made: 

o All probe classes are feasible for both the thick and 
thin atmosphere cases. 

o The hard lander concept is a practical design approach for 
the Class B and C probe/landers for either atmosphere. 

o The primary mission design drivers are: 

- Atmosphere uncertainty. 

Surface physical characteristics uncertainty, 

- Eight year flight time, and 

- Data volume required to support imaging. 

o No major new technology drivers are required. 


X 


o Major hardware uncertainties are; 

~ Surface sample acquisition' at low ambient temperature 
C70-100°K) . 

Properties of mechanical devices and materials at low 
amBient temperature* 

Recoimendations - Recommended areas for future study include 

1. Titan physical properties model including atmosphere, 
surface, and light level uncertainties, 

2. Science sample acquisition and handling at low cryogenic 
temperatures, 

3. Pre-entry science implementation, and 

4* Impact on probe system design of direct entry rather 
than out-of-orbit entry as Baselined in the current 
study. 


xi 
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1 . 


INTRODUCTION 


The growing interest in Saturn and its largest moon. Titan, 
has resulted in the definition of exploratory science objectives 
for Titan from the 1975 NAS/SSB Report on Space Science and from 
the 1978 Reston Workshop on the Saturn System. From the workshops, 
two extreme atmosphere models were proposed By Brs, Donald Hunten 
and John Caldwell as being the best candidates for describing the 
actual range of atmospheric parameters possible on Titan. These 
models provide the basis for probe system design in this study. 

In addition, both vehicle and mission studies of Saturn orb iter 
and probe systems have been completed by NASA Ames and JPL. 

Martin Marietta, under contract to NASA Ames, conducted a Titan 
exploration study in 1976 which investigated probe designs and 
technology requirements. JPL has completed Saturn orbiter and 
probe mission studies in 1975 and 1978. 

This report describes the results of an evaluation of entry 
and landing probes for the exploration of Titan. The purpose of 
the study was to define technical requirements, conceptual designs, 
science return and schedule/ cost implications of three probe 
classes designed for the large uncertainties in the atmosphere 
and surface of— Titan. Greatest emphasis was placed on the inter- 
mediate type Class B design which is a combination atmospheric 
and lander probe. The Class A is a simple atmospheric probe and 
the Class C is a more complex combination atmospheric and lander 
probe with expanded surface science and extended mission duration. 

The study responsibility was divided into three areas: NASA 

Ames provided program management and science definition, JPL pro'- 
vided mission analysis and orbiter /probe trajectories, and Martin 
Marietta provided probe mission and system design engineering 
functions. 

The scope of this study did not include the resources necessary 
to investigate various missions and, therefore, an out-of-orbit case 
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only was considered. However, during the course of the study other 
mission options were defined that are x^orthy of further investiga- 
tion. In particular, the direct entry mission should be investi- 
gated in future studies. The Titan probe could be released during 
the initial encounter with a direct entry into Titan which could 
result in a considerable reduction in required orbit er propulsion. 
The Titan probe weight increase due to direct entry would be small 
compared to the savings in orbiter weight, however, this approach 
would present increased operational complexity. 
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II. 


MISSION OVERVIEW 


The Titan probe mission will be lannched in conjunction with 
the Saturn orbiter and Saturn probe (SOP^) . The Shuttle with the 
Solar Electric Propulsion Stage (SEPS) will launch the orbiter and 
probes in January of 1987 with an arrival period of November 1993* 
The baseline mission scenario includes Saturn probe release on . 
approach and, orbit insertion into an initial capture orbit period 
of 160 days with subsequent Titan flybys which are used to pump 
the orbits down to a 48-day period and, finally, into a 32-day 
period which has an orbit resonance with Titan of 2 to 1. This 
portion of the mission sequence is illustrated in Figure II-l. 

- Optical navigation is required to obtain the necessary accura- 

i 

eies for these orbital maneuvers and the multiple encounters with 
Titan further reduce navigation uncertainties. The Titan probe is 
released from the 32-day period orbit about 10 days prior to en- 
counter and entry for completion of the probe mission. The orbiter 
may remain in the 32-day period orbit for a series of re-encounters 
with the probe/lander depending on which probe. class mission is 
being flown. The baseline Class A and B probe .missions are com- 
pleted .on- the initial encounter while the Class C probe mission 
requires several re-encounters to complete. 

Figure II-2 Illustrates the Titan probe encounter and entry 
geometry relationship with the orbiter. The probe and orbiter* 
approach Titan in a retrograde trajectory and entry occurs near 
the subsolar region at about 10:00 AM local time. This entry con- 
dition was dictated by tb’e science requirement for a light side 
> entry. Titan has a very low rotational rate since it is assumed 
locked onto Saturn and therefore makes one revolution in 16 days. 
The effect of, a retrograde entry on the probe entry velocity is 
small, i.e., an increase of about 12 m/sec above the entry veloc- 
ity of 4.5 km/s. 
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Figure II-l Titan Encounter Geometry (Typical) 


Launch Date: Jan 1987 : , ' J-l^lnitial Orbit: 160 Days 

Arrival Date:' Nov 1993 . . • / Orbit: 48 Days 

. , , . ' Succeeding Orbits: 32 Days 


Titan Orbit, 

9n A R 











The probe is released from 5 to 10 days prior to entry and 
the orbiter is timed to lag the probe by about 30 degrees of ‘ 
longitude at probe entry in order to optimise the communication ' 
link geometry during probe descent and surface operation. At an 
entry radius of 3200 km, the probe enters at a nominal flight 
path angle of -30 degrees and a relative velocity of 4.55 km/s. 

The orbiter flyby radius of closest approach is a function of 
the atmospheric model and varies from 6.1 (Titan radii) to 
12.6 for the thin and thick atmosphere models respectively. 
Figure II-3 illustrates the orbiter encounter relationship from 
a Saturn centered reference. Since Saturn is the system center 
of mass rather than Titan, the encounter relative geometries 
are rather unusual. The orbiter does not approach Titan on the 
more familiar hyperbolic trajectory but, instead, passes by on 
a nearly linear trajectory. 

The orbiter mission analysis, orbit determination, and en- 
counter trajectory analysis were performed by JPL and the 
detailed encounter data used in this study are presented in 
Appendix A of this report. 

The probe entry and descent sequence is summarized in Figure 
II-4. The atmosphere model has a significant impact on the mis- 
sion sequence and timing as reflected in the descent times. All 
three probe classes under study have identical entry and descent 
time histories for each atmosphere model since they have been 
designed with the same ballistic coefficients (m/C^^A) . 

A typical Titan probe entry and descent sequence of events 
is indicated in Figure II-4. The probe is spin stabilized and 
oriented in inertial space by the orbiter so that it will have 
a nearly zero angle of attack during the pre-entry and entry 
phase. The probe is then released from the Saturn orbiter about 
5 to 10 days prior to entry. A warmup sequence is begun 5 hours 
prior to entry to assure that the reference oscillator in the 
communication subsystem is well stabilized. The pre-entry science 
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Figure II-3 Encounter r Saturn Centered, Reference 
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Figure II-4 Mission Entry/Descent Sequence - Typical 


Atmosphere 
Thin Thick 



11.‘3 min 

I 

Entry 

7.9 min 

Time 



Descent 

25 min 

(60%)* 

Time to 


125 min; 

Surface 


(30%) ' 



283 min 


■* ^ 

(10%) 
511 min 


E - 33 min 



E-5hr 
.V- — 


Warmup 


5-10 Days 
— ^ ^ — ; — i 
Coast 


Preentry 

^ Entry Upper Atmosphere Science 
Jettison Preentry Module 


.Descent 



^ Deploy Chute 0.’8 Mach 
' ^ Transmit Data 


Terminal— Stage Chute . 


Surface - Transmit 
Automatic Sequence - Store 
Reencounter - Transmit 


*Percent probability of surface location. 




instruments (Class B and C probes) are calibrated and pre-entry 
science data are measured for about 33 minutes as the probe 
descends through the upper atmosphere* At a signal from the 
accelerometer triad, the pre-entry science module is jettisoned 
and the probe enters* After entry when the probe slows to about 
a 0.8 Hach number velocity, a parachute is deployed (in the case 
of the thin methane atmosphere) to further slow the probe to 
allow sufficient time for making science measurements and pro- 
cessing the atmospheric samples. At the time of parachute deploy- 
ment the protective covers are jettisoned from the science instru- 
ments. At an altitude near the surface a radar altimeter signals 
release of the parachute and the probe vehicle free falls to the 
surface for a hard landing of nominally 300 g. 

As shown in Figure II-4 the descent times are drastically 
affected by the atmosphere models assumed for the study. The 
atmosphere models are unrelated in that the thin atmosphere is 
nearly 100% methane and the thick atmosphere is essentially 100% 
nitrogen. The thick atmosphere density and extreme surface loca- 
tion result in a total descent time of about 8.5 hours compared to 
a descent time of barely 7 minutes in the thin atmosphere without 
a parachute and 25 minutes with the parachute. 

The surface sequence depends on the probe class. Class A is 
a simple atmospheric probe, Class B is a combination atmospheric 
and lander probe, and Class C is a combination atmospheric and 
lander probe with expanded surface science and extended mission' 
■duration. The Class B lander transmits data from the surface 
only at initial encounter, while the Class C lander also measures 
and stores science data while the orbiter is out of sight for 
later transmission at orbiter re-encounter* 
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III. SCIENCE REQUIREMENTS 
A. INTRODUCTION ' 

Titan, the largest moon of Saturn, is a totally unique plane-~ 

' ' { t “ " I - 

tary body, certain to yield exciting new- phenomena. Titan is suf-^ 

ficiently cold and massive to retain a substantial atmosphere, 

composed largely of reducing gases which are common in the outer 

solar system. These volatiles provide interesting possihllities 

for chemical' evolution 'of organic material’s through photochemical 

production, and their 'probable fallout to the surface leads' to 

the ‘need for chei6ical characterization of both the atmosphere and 

surface of Titan, The benign pre-gentry environment allows study 

of energy sources for .the formation of organic chemistry, and the 

radiative and dynamic state^ of .the atmosphere, will provide inter*- 

esting comparative data /Since -it is intermediate between »that of 

Earth and Venus, Although current knowledge of Titan^s atmosphere 

is somewhat uncertain, a more accurate atmospheric definition will 

1 . ^ 

be possible before a program start based on new radio astronomy 
interferometry measurements and results of Pioneer 11 and Voyager 
flyby of Titan in 1979 and 1980, Por this study both, a thin 
methane rich atmosphere and a thick nitrogen rich atmosphere model' 
were included. 

The science payload complements for each probe class were 
selected to give a significant spread in science return between 
each class in order to more clearly evaluate the impact of science 
return on configuration design and cost. The NASA/ ARC study 
scientist was responsible for this selection and his recommenda- 
tions were based on results from the Space Science Board (1975), 
the Res ton Workshop on the Saturn System (1978) , and on numerous 

discussions with planetary scientists throughout the country, 

, 

As the study progressed, the initial science payload complement 
evolved in both definition and content. 
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in moat atmospheric science cases, science- instrument defi~ 
nitions were obtained from Galileo probe instruments. Additional 
instrument definitions were based on the Pioneer Venus .orbiter and 
probes, on the Viking lander, or on instruments proposed for a 
fiars pehetrator mission. Some of the more complex surface science 
instruments, such as the wet chemistry/ ozone- analysis device 
included on the expanded payload Class C lander, were based on 
follow-on Viking rover studies performed by Martin Marietta. 

-The science payload complement by probe class is shown in 
Table III-l, the data requirements. are shown in Table III-2, and 
•the physical characteristics of weight, size and power are .given 
in Table III-3. •. . 

The science instruments are grouped into pre-entry, atmos- 
pheric, surface, and. alternate categories and discussed' under 
these headings in the following sections. ' 

J -■* * I 

In addition, science implementation and integration into the 
probe are discussed in Section V C. 
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Table III-l Science Payload Complement by Probe Class 


Instrument 

Pre-entry 

1. Neutral Mass Spec {1-46 AMU) 

2. ION Mass Spec 

3. Retarding Potential Analyzer 

4. Electron Temperature Probe 

Atmosphere 

1 . Atmosphere Structure Instrument 

2. Multispectral Radiometer 

3. Nephelometer with Differential Thermal Analyzer 

4. Neutral Mass Spec (1-150 AMU Required)* 

5. Gas Chromatograph 

6. Descent Imagery 

7. Doppler/Wind (Stable Osc.) 

Surface 

1 . Impact Accel erometer 

2. Composition (Mass Spec & Gas Chromatograph, 

250 AMU) 

3. Meteorology 

4. Surface Imaging 

5. Passive Seismometer 

6. Microscope 

7. Precipitation Experiment 

8. Active Wet Chemistry "Ozonanalysis" 

9. AlpharBackscatter 

Alternate - Surface 
1. Balloon Sonde 


Probes 

Class A Class B Class C Heritage 


X 

X 

X 

X 


X PV (Orbiter) 
X PV (Orbiter) 
X PV (Orbiter) 
X PV (Orbiter) 


X 

X 

X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 


X Galileo 

X Galileo 

X Gal i 1 eo 

X Galileo, Viking 

X* ARC 

X Penetrator 

X ARC 


X X Penetrator 


X 

X 

X 


X Viking 

X Penetrator 

X MP, JPL 

X Viking 

X Langley, Viking, 

New 

X New 

X Viking 

X Turkovich 


X Earth, Venus 
Studies, New 


*"Class B and C use Surface GCMS for Atmosphere Measurement 



III-4 


Table III-2 Science Payload Complement Data Requirements 


Instrument 

Pre-entry 

1. Neutral Mass Spec (1-46 AMU) 

2. ION Mass Spec 

3. Retarding Potential Analyzer 

4. Electron Temperature Probe 

Atmosphere 

1. Atmosphere Structure Instrument 

2. Multi spectral Radiometer 

3. Nephelometer vn’th Differential Thermal Analyzer 

4. Neutral Mass Spec (1-150 AMU)* 

5. Neutral Mass Spec (1-250 AMU) (B and C*) 

6. Gas Chromatograph 

7. Descent Imagery 

8. Doppler/Wind (Stable Osc.) 

Surface 

1. Impact Accelerometer 

2. Meteorology 

3. Surface Imaging 

4. Passive Seismometer 

5,. Composition - GCMS* (250 AMU) 

6. Microscope 

7. Precipitation Experiment 

8. Active Wet Chemistry "Ozonanalysis" 

9. Alpha-Backscatter 

Alternate - Surface 
1. Balloon Sonde 


Data Requirements 


6 BPS 
6 BPS 
18 BPS 
6 


31 Bits/km 
77 Bits/km 

60 Bits/km + 400 Bits/Scale Height 

25.000 Bits Total 

42.000 Bits Total 

10.000 Bits Total 

1.08 X 10^ Bits/Picture (2 Minimum) 

N/A 


60.000 Bits Total 
0.2 BPS 

4 X 10® Bits/Picture (Color) • 

2 BPS Low Rate, 40 BPS Event 
130,000 Bits/Sample, 10 Samples 
2 X 10® Bits/Picture 

60 Bits/Sample, 100 Samples 
130,000 Bits/Sample X 4 

30.000 Bits/Sample, 10 Samples 


10 BPS 


*Class B and C use Surface GCMS for Atmosphere Measurement with Range Restricted to 150 AMU 
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XXXXX XXX X X M X N XXX xxxx 


VIEIGHI 

(KG) 

WEIGHT MARGIN 
TO -BE ADDED 
(%) 

VOLUME 

(cnh 

SHAPE 

POWER 

(W) 

4*3 

10 

4260 


11.2 

2*9" 

10 

4425 

— 

1.5 

2.7 

10 

4440 

— 

2.8 

2.0, 

10 

2050 

— 

4.0 

2.0, 

.10 ’ 

3100 



* 5.5 

2.5 

30 

3500 


4l6 

2.5 

30 

3800 

— 

2.3 

9.0 

20 

12000 


12.0 

13.5 

20 

18000 

{Class C Uses 

18.0 

6.6 

30 ' 

6500 

— (Surface GCMS 


0.0 

30 


““ 

5.0/20 Minutss, 
2.0/280 Minutes 

0.25 

10 . 

170 


.9 

0.03 

, 20 

30 



.03 


30 

-- 

-- 


0.3 

10 

300 


..075 

3.D 

30 

1854 

— 

4.0 

15.0 

30 

27400 

* Front end only - 
Detector Is GCMS 

15.0 

18,8* 

30 

26500 

-- 

10. 0 Heater, 60.1 

2.23 

20 

3670 


4.0 

, 1.0* 

30 

154 

1" L, 1" D 

1.0 Preamp . 

2.0 

' 20 

2220 

— 

5.0 

2.5 

30 

4000 


2.3 


21*0 


30 


37059 


12" D (Tank), 

12"D X 12" L Cylinder - 
for Gondola + Balloon 


100/10 MlnuCes “• Heater 
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PRE-ENTRY SCIENCE 


1. Objective - The objective of the pre-entry science measure- 
ments is to characterize the structure, composition and ionization 
of the Titan upper atmosphere and ionosphere. 

2. Requirements - The pre-entry science instruments required 
to meet the above objective include: 

o Neutral Mass Spectrometer 
o Ion Mass Spectrometer 
•o Retarding Potential Analyzer 
o Electron Temperature Probe - . 

The mass spectrometers are required to measure a mass range of 
1-46 A2iU, 

The pre-entry science measurements are required from a minimum 
of about 5000 km altitude above the surface down to the continuum 
atmosphere where the entry aerodynamic bow shock forms. Fpr Titan, 
the entry altitude is about 500 600 km above the surface depending 

on the atmospheric model assumed. 

The pre-entry science instrument data requirements are given in 
Table III-2 and the physical characteristics are given .in Table 
III-3. The_characteristics for these Instruments are based on 
Pioneer Venus orbiter and bus upper atmosphere instruments, and 
the data rate requirements were scaled from previously developed 
requirements for a Jupiter probe. Differences in approach velocity 
and flight path angle were taken into account. 

The weight for each instrument on Table III-3 is representative 
of actual weights for identical or similar devices. Note, however, 
that a "weight margin to be added" is listed for each instrument. 
This weight margin varies from 10% to 30% depending on the estimated 
maturity of each instrument in this future application. The margin 
applies more to the instrinnent integration and sample acquisition 
design than to the instrument itself. 


III-6 



The neutral mass spectrometer operates in the ionosphere and 
upper atmosphere and measures the neutral constituents up to a 
mass of 46 AMU for comparison with the lower atmosphere neutral 
mass spectrometer data to characterize' the total Titan atmosphere* 

The ion mass spectrometer operates in the ionosphere to deter-- 
mine the ionic abundances and provides distribution data as a 
function of altitude. 

. The retarding potential analyzer samples the ionic species 
through the magnetosphere and ionosphere to determine the ion 
concentrations*, ion temperatures, drift velocities and energy 
distributions . 

The electron temperature probe (Langmuir probe) obtains electron 
number density and temperature through the ionosphere. 
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C. ATMOSPHERIC SCIENCE 

1. Objective - The objective of the atmospheric science meas- 
urements is to characterize the atmospheric structure, bulk compo- 
sition, cloud vertical distribution and composition, and winds, 

2. Requirements - The atmospheric science instruments required 
to meet the above objective are as follows: 

o Atmosphere Structure Instrument 
o' Multispectral Radiometer 

o Nephelometer with Differential Thermal Analyzer 
o Neutral Mass Spectrometer (1-150 AMU) 
o Gas Chromatograph 
o Doppler/Wind (stable oscillator) 

o Descent Imagery (supports cloud imagery and surface 
science) 

The data requirements and physical descriptions for these 
instruments are given in Tables III-2 and III-3. 

The atmospheric structure instrument consists of an accelerom- 
eter triad, and pressure and temperature sensors. Deceleration 
and pressure data are required throughout the entry and descent 
phase and temperature data is required during descent. 

The multispectral radiometer includes both UV and visible light 
channels. It requires about a 90-degree field of view out and up, 

I 

The nephelometer measures cloud particle (aerosol) reflectance 
and density of particles while the differential thermal analyzer 
provides information on the aerosol composition. The differential 
thermal analyzer (DTA) is a small quartz crystal with a resonance 
frequency which is a very sensitive function of mass loading. It 
is placed in or parallel to the nephelometer inlet stream, and 
aerosol is deposited on the crystal. The crystal is heated, and 
the mass loss at a given temperature is recorded. This unit must 
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be deployed into the air stream after the entry heating period is 
completed and functions during subsonic descent to the surface. 

The neutral mass spectrometer defines atmosphere and aerosol 
composition and must cover a mass range of 1-150 AMU. Its -sample 
acquisition device. is activated after entry and the spectrometer 
operates during 'subsonic descent to the surface. A second mass . 
spectrometer is shown in the listings of Tables III-l through -3 
with a mass range of 1-250 AMU for the Class B and C probes. In 
the case of the landers, the mass spectrometer is used both for 
atmospheric descent measurements and surface composition measure- 
ments, and a mass range of 1-'25Q' AMU is required for the surface 
measurements. 

The gas chromatograph (GC) also provides composition measure- 
ments for atmospheric gases and complements the mass spectrometer 
information. The current GC designs require considerable time to 
obtain, process and purge samples through lengthy columns (about 
30 minutes for four analyses). It has been estimated by Dr. V* 
Oyama of NASA/ ARC that technology appropriate to the Titan mission 
would allow use of a GC with mass, volume, power, and sample time 
decreased by a factor of 4-10 over current state-of-the-art designs 
such as that -used in this study. 

The descent imagery requires a framing camera (snapshot to 
stop movement) with sensitive light detection. A CCD (charge 
coupled device) imaging camera is appropriate for this applica- 
tion. The estimated surface illumination at the Titan sub solar 
location is a maximum of about .009 W/m^ and possibly less by a 
factor' of 2 due to cloud layers. By comparison, Venus surface 
illumination was measured by the Venera lander at about 40 W/m^ 
and a moonlight night on Earth is about .003 W/m^. A minimum of 
two images are required with more desired. 
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For the Doppler /wind tracking experiment, the telemetry trans- 
mitter oscillator on the probe requires a 3 x 10^^® rms phase sta- 
bility during the descent period. The orbit er receiver must be 
capable of detecting frequency shifts >of this^ order of magnitude. 
The oscillator requires a warm-^up time of a minimum of five hours 
of which the first 20 minutes requires 5 W of power and the remain- 
der requires 2 W. ' ’ 
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D. 


SURFACE SCIENCE 


1. Objective - The objective of the surface science is to deter- 
mine the composition and structure of the surface and interior, and the. 
properties of organics and precipitant s. The surface science also 
supports the atmospheric science through use of. a meteorology experi- 
ment which measures local near surface atmospheric pressure, tempera- 
ture and winds* 

2. Requirements - The surface science instruments required to 
generally meet the above objectives are as follows: 

0 Impact accelerometer 

o ' Composition using mass spectrometer and gas chromatograph 
o Meteorology 
o Surface imaging 

The expanded surface science payload, which can provide more 
definitive data, but is 'not necessary for a basic understanding of 
the planet, is as follows: 
o Passive seismometer 
o .Microscope 

o Precipitation experiment 
o Active_wet chemistry "ozone analysis" 

0 Alpha-Backscatter experiment 

The data requirements and physical descriptions for these instru- 
ments are given in Tables III-2 and III-3. 

The Impact accelerometer must have a range from 0 - 3930 m/s^ 

/ - 

(400 g's). The hard lander is designed to sustain a maximum decel- 
eration of 2945 m/s^ (300 g’s) on impact with a solid surface. The 
impact accelerometer stroke time history at impact should provide 
some information on the surface hardness. The surface may vary in 
consistency from solid ices to snow to liquid. 

The surface composition instrument uses both a mass spectrometer 
and a gas chromatograph. The same instruments are also used for 
atmospheric composition measurements during descent. This experi- 
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merit requires devices for sample acquisition and sample processing at 
pre-selected step wise temperatures up to 2 to 3 X 100 K in a sealed 
oven so that gaseous products can be carried into the detecting instru- 
ments, In addition, suitable manifolding is required to deliver the 
gaseous samples either to the GC and MS in parallel (separately) or 
in series first through the GC and then into the MS. The MS must 
have a mass range from 1-250 AMU in order to cover the anticipated 
range of surface materials which may include ices, clathrates, and 
organic material. A discussion of methods of implementing this sample 
acquisition system is presented in Section V D 1, Additional experi- 
ments for measuring composition are also discussed later in this sec- 
tion under the expanded science payload- These instruments include 
a precipitation experiment, a wet chemistry "ozone analysis", and an 
alpha-backscatter experiment- 

The meteorology experiment includes sensors for atmospheric pres- 
sure, temperature, and wind velocity and direction. The wind detector 
and temperature sensors should be mounted at least 1 meter above the 
surface. The descent pressure sensor is also used for this experiment. 

The surface imaging requires a high quality color image (three ' 
black and white with appropriate filters) . The imager may be a CCD 
type or a fac simil e type camera. With a CCD the analog data is read 
directly into an analog delay line buffer device just as in the des- 
cent imaging equipment and then the data is digitized and transmitted 
to the orbiter. The facsimile type camera is scanned at such a rate 
that the data is transmitted directly to the orbiter as it is generated 
and, therefore, a large scale buffer or data storage is not required. 
With appropriate filters both color data and infrared spectral infor- 
mation are obtained from the sensors. For the facsimile camera, imag- 
ing is accomplished by a helical scan of the field. Horizontal lines 
extend for a full 360^ while vertical range of scan is 90^. Nine hun- 
dred (900) horizontal lines representing a field of view of 360® x 90^ 
is divided into 0.1^ increments resulting in 108,000 pixels. With a 
12-bit word per pixel and three images per color picture, a data 
requirement of about 4 x' 10^ bits per color picture results. A dis- 
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cussion of imaging Implementation and light level requirements is 
included in Section V C 3. 

The passive seismometer; will provide information on the internal 
structure of Titan if any events are recorded during the extended" 
mission of' the Class C lander. This period is a minimum of several 
months. The seismometer is based on the Viking design which features' 
a standby low data rate mode and an event or high data rate mode 
which is triggered by an event. It is desirable to place the instru- 
ment in solid contact with the surface to provide effective coupling. 

The microscope is a low power device which can provide useful 
information about ice crystallography and inorganic grains and give 
an indication of the "weathering" history of the surface. Accurate 
focusing is ^required since the depth of field is critically small 
on this type of device. 

The precipitation experiment is included to determine what is 
precipitated, when, how much, and how often. The instrument could be 
turned on by a deposition sensor, or it could be periodically queried 
for a non-zero response. For this study a nephelometer type device 
with a differential thermal analyzer element was assumed for weight, 
power, volume, and data rate requirements. A more refined approach 
requires additional study and development. 

The active wet chemistry "ozone analysis" experiment complements 
the gas chromatograph and mass spectrometer composition measurements. 
It is intended to provide additional composition data by inducing 
active chemical reactions between the surface samples and an oxidizer 
such as ozone introduced in a sealed container. The output gases are 
then fed into the inlet of the GCMS instrument for detection. 

The alpha-backscatter instrument also complements the GCMS com- 
position measurements by providing elemental analysis (H, C, N, 0 
primarily) of the surface samples. The possibility of significant 
surface pressures puts additional requirements on the alpha back- 
scatter instrument. Because of alpha particle absorption in the 
atmosphere, the sample must be brought into very close proximity to 
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the alpha source and detector or the atmospheire must be evacuated ' 
from the sample and instrument. The extremely long mission dura- 
tion of 7 to 8 years requires that a neiwr alpha source be found. 
Current sources used in this application have half life periods 
that are too short. Isotopes of Californium appear to be suitable 
candidates . 
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ALTERNATE SCIENCE 


1. Balloon Sonde - The helitnn filled balloon sonde was included as 
an alternate experiment for the expanded science payload of the Class 
C probe lander. This experiment provides a pressure and temperature 
profile with altitude at a period in the diurnal cycle which can be 
selected to be different from the initial descent profile. For 
example, the initial entry, descent, and landing target is near the 
subsolar region where maximum light levels are desired for both 
imaging and multichannel spectrometer experiements. An appropriate 
launch time for the balloon sonde would therefore be on the night side 
some 8 days after landing. A more ambitious balloon sonde might also 
provide information on winds if the lander were equipped with neces-* 
sary tracking gear. 

In the SOP^ Reston Workshop (1978), a Montgolfiere type solar- 
powered, long-lived balloon concept was presented by J. Blamont of 
ONES and the concept was endorsed for further consideration in the 
Titan probe study. Further study of the balloon requirements in a 
more realistic Titan environment was done by ONES just prior to start 
of this study. A dust or aerosol optical depth less than three is 
required for successful operation of the balloon in even the ”thick” 
atmosphere, at a pressure level of several hundred millibars. The 
best current estimate of the total aerosol optical depth is 6-10 at ' 
visible wavelengths, and the pressure at optical depth 2 is roughly 
only a few millibars even in the ” thick" atmosphere. Therefore, the 
passively heated, long-lived balloon concept does not seem to be 
viable in the Titan environment. A heated balloon has been suggested 
by ONES, but this type of balloon would either be very heavy (-^200 kg 
including science) , or wouldi be very short-lived. In addition, further 
research on balloon skin material properties is required. Therefore, 
as further work on this balloon concept was beyond the scope of the 
present study, it was recommended by NASA/ ARC that no further effort 
be devoted to incorporation of a Montgolfiere balloon into the probe 
missions to Titan at this time. 



TITAN ATMOSPHERE MODELS 


The Titan atmosphiere models used in the entry and descent analy- 
sis were based on 'data provided in 'Attachtnent 1 to the EFP, Reference 
li Two -basic models' were- presented in the above reference, a thin • 
model composed of 100% methane and a thick- model composed mostly of ■ 
nitrogen. The basic characteristics of' the thin model as given are 
shown in Table III-4. ‘ ' ' ■ 


Table iri-4 Thin Model Atmosphere (Methane) 


■ J PK Pressure (mb) 

160 . 0.11, 

- . 78 10 

78 17 (surface) 


Altitude* (km) 
226 (2900-kmRp)- 
• 0 
-16 


*Altitudes are modified from the REP values -.to - 
■ -satisfy the hydrostatic equation. 

The basic characteristics of the thick (nitrogen) model are shown 


in Table 

s. 

III-5. • 

' Table ilI-5 

Thick Model Atmosphere (N2) 


■T -Or 

'■ Pressure' 

‘ Altitude* 

(km) - ■ 

- 

-160 

•' 2T6 mb 

'248 - 

' 


117' 

10.0 mb 

200 

(2900 km Rp) 

• 

‘ 72 

85.0 mb 

148- 


^ f , 

72 

480.0 mb 

118 



86 

1.2 bar 

138 

‘ 

' ' ' 

1 GO- 

i.9 bar 

■ -85 

(60% probable surface 

N ^ > 

temp.) 

15 0 

7 , 8. bar 

43 

(30% probable surface 

temp.) 

■ 200 

21.0 bar 

* > t 

■ 0 

(10% probable surface 

temp. ) 


t ^ 4 I 

^Altitude scale shifted to 0* at 10% probable surface 
temperature to facilitate trajectory analysis* 
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Dispersed models for the thin (methane) model are derived by 
perturbed temperature - altitude profiles, based on the error bar 
shown in Reference 1. The thin model temperature profiles and the 
resulting pressure and density vs altitude plots are presented on 
Figures III-l through -3. Thick (nitrogen) model temperature, pres- 
sure and density plots are shown on Figures III~1, -2, and -4. 
Dispersion in this model is provided by the surface temperature 
uncertainty and resulting surface location uncertainty. 

Titan atmosphere state is shown on Figure III-2 for the’ thin 
and thick atmosphere models. It is noted that both the thin and 
thick nominal models are close to a state change from gas to solid 
or liquid . 

Density scale height as a function of altitude is presented 
on Figure III-5. 
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Figure III-l Titan Atmosphere Models 
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Figure 1 1 1-2 Titan Atmosphere State 
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Figure III-3 Titan Thin (Methane) Atmosphere 
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IV. TRAJECTORY ANALYSES 

A. INTRODUCTION 

Entry trajectories were run using the Martin Marietta atmos- 
pheric entry program TID288. • Trajectories were, run In the thin . ' 
(methane) and thick (nitrogen) atmosphere over a, range of entry, 
flight path angles of -30 degrees, -35 degrees and’ ‘-40 , degrees . 
and ballistic coefficients of 31*4, 78.5 and 157 kg/m^v Entry 
altitude is defined at a Titan radius of <3200 km with an ^entry i 
velocity as defined in the JPL supplied data of Appendix A. In 
the thin atmosphere, parachute deployment is at 0.8 Mach no. No 
parachute is required in the thick atmosphere. * . ' . 

The bulk of the entry trajectories run were for entry from 
Saturn orbit. The effect of the higher entry velocities associ- 
ated with entering the Titan atmosphere’ from the Saturn approach 
trajectory is briefly discussed in Section IV. F. ' 

B. ORBITER TRAJECTORIES 

Saturn orbiter time histories in the vicinity of the Titan 
encounter and probe trajectories down to the entry interface alti- 
tude were supplied by JPL. The data in tabular form are included 
in Appendix A. Time histories of Titan relative altitude, latitude 
and longitude for the orbiter and probe are included. Sets of data 
have altitude of closest approach as the primary perturbing param- 
eter. Altitudes of closest approach of the orbiter vary from 6.1 
(Titan radii) to 20.0 
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C. ENTRY TRADES 

Parametric evaluation’ of the effect on entry environment .of 
entry flight path, angle CVg) > aatry ballistic coefficient (B^) 
and atmosphere models are presented in figures IV-1 through. 7 . 
Maximum dyhamiq pressure for the nominal, hot and cold thin 
methane atmospheres as a function of ballistic coefficient and 
flight path angle is shown on Figures IV~1 and It is noted 

that the cold methane model provides the highest value of peak 
dynamic pressure. The thick nitrogen atmosphere value at = 

78 kg/m^ (0,5 sl/ft^) and = -30 degrees is shown for compari- 
son. The value is only 240 W/m^ (5 psf) higher than the .critical 
cold methane model value of 2250 N/m (47 psf) and is therefore 
not considered to provide a significant variation for conceptual 
design purposes. Peak heating rates and total heat load are pre- 
sented parametrically on Figures IV-3, -4, and -5. Note that the 
cold methane model is critical for heating rate, and over a range 
of the parametric parameters evaluated, total heat load is crit- 
ical in either the methane nominal or hot model atmosphere depend- 
ing on the values of the parameter. 

Aeroshell structure and heat shield designs for the entry 
capsule were based- on the applicable critical values from the 
above charts. An aeroshell structural weight design curve was 
developed with variables of aeroshell diameter and peak entry 
dynamic pressure. These data are for a blunted cone class con- 
figuration and are based on Martin Marietta and NASA Langley 
Research Center studies. The structural weight curve is shown 
on Figure IV- 6. 

The Titan probe entry skip-out boundary was calculated as a 
function of entry velocity and results are shown in Figure IV-7 . 
The entry velocity from Saturn orbit is 4.55 km/s giving a skip- 
out boundary value of -27 degrees. For a direct entry at 10.6 
km/s the skip-out boundary is -30 degrees. 
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D. DESCENT TRADES 

Descent times from entry to the surface in the nominal, hot 
and cold methane atmospheres* are presented on Figures IV-8 and 
-9* These times are for the unstaged, or fixed entry vehicle 
configuration without parachute deployment* Descent time includ- 
ing the parachute phase with deployment at Mach 0.8 is shown on 
Figure IV-10. 

Descent times in the nitrogen atmosphere from entry to the 
60% probability, 30% probability and 10% probability surfaces 
a,s a function of staged ballistic coefficient are shown on 
Figure IV-11. The times are for entry with a ballistic coeffi- 
cient of 78 kg/m^ (0.‘5 sl/ft^) and staging to a subsonic ballis- 
tic coefficient (B) as shown on the curve. 

Terminal velocity in the nitorgen atmosphere as a function 
of subsonic ballistic coefficients at the 60%, 30% and 10%^,prqb- 

L. 

ability surface is shown on Figure IV-12. . . 
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E. BASELINE ENTRY AND DESCENT TIME HISTORIES 

Baseline entry and descent time histories as a function of 
altitude are shown for the thin methane atmosphere in Figure 
IV-13 and for the thick nitrogen atmosphere in Figure lV-14. 
These figures are for the nominal entry conditions, = -30 
degrees, = 78, 5 kg/m^, = 4,55 km/ sec in the nominal atmos*- 
phere models. Noted on the plots are significant entry events ‘ 
and environmental quantities. Table IV-1 summarizes the descent 
times, and altitudes for the thick and thin atmospheres. 


F. DIRECT VERSUS OUT-OF-ORBIT COMPARISON. 

The basic entry and descent analysis was donq for velocity 
conditions related to entry from Saturn orbit. A brief study 
was done to evaluate the effect of entry into the Titan atmos- 
phere at velocities associated with Saturn approach velocities* 
Re.sults of the study are shown on Tables IV-2, -3, and -4. , The 
tables indicate the expected severe impact on such environmental 
items as maximum dynamic pressure and heating rates and loads. 
The impact of these factors on the nominal * Class B probe design 
is summarized on Table IV-4. 
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Table IV-1 Baseline Entry/Descent Times and Altitudes — Nominal 


= 78.5 Kg/ra^ 
E 


V = 4.55 Km/Sec 

ill 


^SUBSONIC 


94.2 KG/m^ 


7.63 


THICK ATMDSPHERE THIN 



TIM 

ALTITUDE 

TIME 

CONDITION 

(MIN) 

(KM) 

(MIN) 

0.05 g 

- 2.43 

648 

0 

ENTRY (3200 Km Radius) 

0 

502 

0 

0.8 M STAGE - \ 

5.50 

230 

11.31 

THIN ATMOS . SURFACE ( 1) 


— 

36.15 

THICK ATMOS. SURFACE. (2) . 




60% PROBABLE 

130.50 

86 


30%’ ■ ' ' 

288.5 

43 


10% • 

516.5 ■ 

0 


(1) THIN ATMOSPHERE REFERENCE 

SURFACE 

2,658 KM 


(2) THICK ATMOSPHERE REFERENCE 

SURFACE 

2,700 KM 



KG/tn^ (Parachute) 

ATMOSPHERE 

ALTITUDE 

(KM) 

526 

526 

31.1 

' ■ -16' 



Table IV-2 Direct Versus Out-of-Orbit Entry 


OUT -OF- • 



SATURN 

DIRECT 




ORBIT 

ORBIT 


SYSTEM IMPACT 

ENTRY VELOCITY, KM/ SEC 

4.55 

10.4 


■ 

HEAT RATES, q— BTU/-FT^ 

17.5 

215 


1 5X HEATSHIELD 

TOTAL HEATj Q— BTU 

2,513 

17,028 


DYNAMIC PRESSURE MAX.--PSF 

'60 

328 


1. 7X' AEROSHELL 

DYNAMIC PRESSURE, STAGE--PSF 

3.6 

4.1 


1.14X PARACHUTE 

COMMUNICATION RANGE--. 1.0 

GREATER ■ 


/^1.5X Rqrbit 


’^ORBIT 
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Table IV-3 Comparison of Entry Conditions 


MARS (VIKING) TITAN 

DESIGN ACTUAL OUT OF ORBIT DIRECT 

ENTRY VELOCITY, KM/SEC 4,63 4.61 4.55 10.4 

ENTRY FLIGHT PATH 

ANGLE, DEG -17.7 -16.9 -30.0 -40.0* 

MAX, DYNAMIC PRESSURE,, 

KN/m^ 6.89 4.62 2.87 15.73 

MAX. HEATING RATE, 

W/cm2 29.51 24.17 19.9 244.0 

TOTAL HEAT LOAD, 

J/cm2 1713.7 1248,4 2852.0 1^325,0 

Jf 

PARACHUTE DEPLOY: 

o MA'CH NO. • 2.1 1.1 0.8 0.8 

o DYNAMIC PRESSURE, 

KN/m2 0.41 0,33 0.17 0.19 

*ASSUMES + 50 V UNCERTAINTY 

ill 


fVf A 

V • ^ 
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Table IV-4 Impact of Direct Entry on Probe Design 




FACTOR 


HEAT SHIELD MASS 
AEROSHELL MASS 
PARACHUTE MASS 
ORBITER FLYBY VELOCITY 


5X 

1.7X 

1.14X 

4.50 KM/SEC COMPARED TO 8.9 KM/SEC DIRECT 


COMMUNICATION RANGE 51,000 KM COMPARED TO 111,000 KM DIRECT 

0 IMPACT OF DIRECT ENTRY ON THE 226 KG CLASS B PROBE DESIGN COMPARED TO OUT-OF-ORBIT DESIGN 

- HEAT SHIELD A MASS = +12 KG 

- AEROSHELL A MASS = +5 KG (COMBINATION AEROSHELL/ IMPACT ATTENUATOR) 

- PAP.CHUTE A MASS = +2 KG 

- INCREASED TRANSMITTER' POWER 

- INCREASED ELECTRICAL BATTERY POWER 

- INCREASED EQUIPMENT COMPARTMENT VOLUtffi 

- INCREASED STRUCTURE AND AEROSHELL SIZE 




V, CONFIGORATtON DESIGN AND INTEGRATION 

A* INTRODUCTION AND CONCEPT -DEVELOPMENT 

This chapter discusses the approach to configuration design and 
examines the problems' associated' with integration of both' science 
instruments and engineering subsystems into'tKe probe vehicle designs. 
The objective of the study was to evaluate the design and cost impact 
of a number of variables in' mission design*, science payload, atmos-^ 
pheric* environment uncertainty, surface definition uncertainty’, > and . 
system complexity. ' ^ . 

The mission options include the baselined probe entry from Saturn 
orbit at an entry velocity of 4t55 km/s and a direct entry from ini-- 
tial Saturn encounter at about 10.4 km/s. The entry from Saturn orbit 
was baselined at the study midterm meeting under recommendations 
from JPL since this approach was consistent with their Saturn orbit er 
mission design. The results of a brief analysis of the impact of'* 
direct entry on probe design are presented in Section IV » F, 

The science payloads have been defined in three classes as dis- 
cussed in detail, in Section III ‘.A. Briefly, Class A is. a simple 

* . ' i 

atmospheric probe, Class B is a combination atmospheric and' lander , 
probe, -and Class C -is a combination atmospheric and lander probe with 
expanded surface science and' extended mission duration. In addition, 
the Class B and C probes also incorporate a pre-entry ^ science module. 

The atmosphere and surface uncertainties a^re defined in Section 
III F. There are two separate atmosphere models; a thin methane 
model, with surface pressures of about 17 mb and a thick nitrogen model 
with surface pressures varying from 1.9 to 21 bars,- Probe systems are 
designed to only the thin or thick atmosphere , but not to both simul^ 
taneously. This approach was based on the assumption that the atmos^ 
phere will be more accurately defined before the actual hardware desigi 
phase starts. With the current models of Titan it is possible that 
the surface condition may vary from solid ices and snow to liquid and 
this has a significant impact on the lander configuration as* well as 
surface sample acquisition. 
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In the first half of the study a broad range of configuration 
options was considered as illustrated in Figure V-'li. Luring this 
period various concepts were being sought which could meet the system 
design constraints » The configuration design drivers are controlled 
descent time ta provide sufficient time for science measurement and 
data transmission, and controlled landing to provide low enough impact 
velocity and shock attenuation to assure a safe, stable landing ♦ As 
illustrated in the upper right side of the figure, the thin atmosphere 
required that the configuration be retarded by a parachute to allow 
sufficient time for the descent science measurements (the gas chro- 
matograph requires about 25-30 minutes to obtain four samples). In 
the thick atmosphere, the entry probe is slowed to such an extent 
that either the probe configuration needed to be streamlined to 
increase its ballistic coefficient or the probe suffered some weight 
penalties to accommodate increased battery life and extended data 
transmission ranges. Evaluation of this trade off resulted in selec- 
tion of retaining the entry aeroshell to the surface. Although this 
configuration had an extended descent time, it resulted in a much 
simpler landing system.* The' streamlined shapes have poor landing 
stability and require the addition of erection devices after touch- 
down. Fart of this trade study' included an evaluation of hard versus 
soft lander concepts as illustrated in- Figure V-1 and further dis- 
cussed in Section V I) 1. - ‘ - 

The soft lander concept, similar to the Viking lander, can pro- 
vide a more precise touchdown velocity at the expense of additional 
system complexity. Guidance' and control, attitude control, and 
terminal propulsion subsystems are necessary as well as landing legs 
to provide impact attenuation and attitude stability on the surface. 

The hard lander is a less complex concept which uses a crushable 
honeycomb structure behind the entry heat shield for impact attenua- 
tion. It is designed to provide less than 300 g’s deceleration on a 
hard surface with a stroke of 15 cm at a descent rate of 20 m/s. 

After further study, it became apparent that the hard lander concept 
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Figure V-1 Configuration Options Considered 
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provides a. practical design for all lander classes, has good impact 
stability, low penetration on ice or snow, and provides flotation 
in case of landing on a liquid nitrogen surface. Experience by 
NASA/ ARC with drop tests of similar shapes in the desert (the ' 
planetary atmospheric entry test, PAET, vehicle) showed very stable 
and non-rehounding landings. 

Based on the above results a matrix of configurations was iden- 
tified at the midterm meeting as illustrated in Figure V~2 for 
final definition and costing in the last half of the study. The 
three probe classes for both the thin methane and thick nitrogen 
atmosphere models were included as well as ‘comparison of the hard 
versus soft lander for the Class B probe case. In addition', trade 
studies were done for variations of the Class B probe .to evaluate 
effects of descent to the extreme 10% probable surface location, 
effects of a liquid nitrogen surface, and effects of a 32-day 
extended surface mission. Definition of a baseline pre-entry 

t 

science module concept as well as a few alternates were also 
included. 

The following sections describe the technical considerations 
and results of the Titan probe configuration study matrix of, 

Figure V-2 above. 
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Figure V-2 Titan Probe Conceptual -Studies 
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TITAN PROBE BASELINE DESIGNS . 


The six Titan probe baseline.. designs consist of the Class A, B, 
and C concepts for the thin methane atmosphere and also for the thick 
nitrogen atmosphere down to the 30% probable surface location as 
illustrated in Figure, V-2 of the. previous section; ’ « " 

The thin methane and thick nitrogen atmosphere cases are consid- 
ered to be separate design requirements arid there ,±;S no intent to 
design to both cases simultaneously ♦ It is assumed that the atmos- 
phere will be much better defined prior to the start of the hardware 
design phase sometime^ after 1983 since both Pioneer >11 and Voyager 
spacecraft may obtain new data on Titan^s atmosphere. 

The probes for the thin methane atmosphere^ have been designed 
for the worst case uncertainties within the thin atmosphere defini- 
tion. In the case of the thick nitrogen atmosphere, the baseline 
probes have been designed to meet the 60% and 30% probable surface 
•locations but not the 10% probable surface location extreme. It 
.was felt at the midterm meeting that the 10% probable surface loca- 
tion requirement would unrealistically drive the baseline designs. 
However, the impact of this extreme was evaluated^ as a trade to 
the baseline design and the results are included in Section V E. 

1. Class A Probe - The Class A probe carries atmospheric entry' 
and descent science and is not required* to survive landing impact. 

The science payload is* defined in detail in Section III and consists 
of the following experiments: 

o Atmospheric structure instrument 
o Multispectral radiometer 
o Nephelometer with DTA 
o Neutral Mass Spectrometer 
o Gas Chromatograph 

o Doppler /wind experiment (stable oscillator) 
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The Class A probe configuration is shown in Figure V-3 and con- 
sists of a 60 degree half angle cone aero shell with a Viking type 
ablative material (SLA 561) for entry heat protection. The same con- 
cept is applicable to both the thin (methane) atmosphere and the thick 
(nitrogen) atmosphere, however, the thin atmosphere configuration as 
shown requires the addition of a parachute to slow the descent rate. 

‘ The forward aeroshell consists of a ring stiffened structure with 
the: internal subsystem components mounted on the ring stiffeners and 
contoured to the aeroshell to improve packaging efficiency. Most of 
the components and electronics are protected from the cold environment 
by an insulation layer on the back face of ‘the aeroshell and over the 
back side of the components. Isotope heaters are used for thermal 
control during the coast phase after probe separation from the orb iter. 
Thermal isolators are required between the components and the ring 
frames . 

The nephelometer , temperature probe, and radiometer cover are 
deployed from the aft cover after entry at about 0.8 M to obtain 
descent science. The forward cover for the inlet to the neutral 
mass spectrometer and gas chromatograph is also jettisoned after 
entry. 

For the probe designed for the thin atmosphere, an aft structural 
truss is required to support the parachute canister and carry the 
parachute loads to the aeroshell structure. ThiSf truss can be elimi- 
nated for the thick atmosphere and- replaced by an aft cover. ■ 

The detailed breakdown of the' science characteristics is given 
in Table III-3 and the subsystem and structural equipment lists are 
given in Table V-2, Section V B 4. The total probe weight is sum- 
marized in Table V-1 by subsystem grouping and the weight for the 
Class A probe designed for the thin (methane) atmosphere is 113.2 kg 
while the weight for the Class A probe designed for the thick (nitro- 
gen) atmosphere is 114.3 kg. Although the total weights are nearly 
identical, the subsystem weights vary considerably. The basic differ- 
ence is that the thin atmosphere probe requires a parachute while the 
thick atmosphere probe requires additional batteries to accommodate 
the longer descent time. 
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Figure V-3 Class A - Probe Configuration 




2. Class B Probe - The Class B Titan probe is a combination atmos- 
phere and lander vehicle which also incorporates a pre--entry science 
module. This probe class has received .the greatest emphasis in the 
study because it basically meets the general science objectives yet 
it is a reasonably simple and moderate weight concept. 

The science complement is defined in detail in Chapter III and 
listed in Table III-l. In addition to the atmospheric science instru- 
ments, the probe carries the following surface science, experiments: / 

o Descent imagery 
o Surface imagery 
0 Impact accelerometer 
0 Composition (GC and MS) 
o Meteorology 

Also, the pre^entry science module* carries the following pre-entry 
science experiments: 

0 Neutral Mass spectrometer 
0 Ion mass spectrometer 
o Retarding potential analyzer ’ 

0 Electron temperature probe 

The configuration and equipment layout are shown in Figures V-4 
and V-5, The external configuration uses a 1.47 m diameter 70-degree 
half angle cone aero shell and ablator with a segment of a sp^re for 
the aft cover. The combination aeroshell and landing impact attenu-- 
ator incorporate a honeycomb structure which limits the impact deceX^ 
eration to less than 300 g^s with a 15 cm stroke of the crushable 
honeycomb at an* impact velocity of 20 m/s. This approach simplifies 
the landing system considerably compared to a Viking type soft lander 
since neither the aeroshell nor the aft cover have to be staged. A 
comparison of hard versus soft lander concepts is Included in Section 
V D 1. 

The configuration shown was designed for the thin (methane) atmos^ 
phere and, therefore, requires a parachute to slow descent rate. The 
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Figure V-4 Class B - Probe/Lander Configuration 
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Figure V-5 Class B - Probe/Lander (Plan View) 






parachute is mounted at the top of a central structural tube which 
encloses the extendible science mast. This mast is used to deploy 
the meteorology and imaging experiments after touchdom and carries 
a second micro strip type RF antenna on top since the descent antenna 
may be blocked from line-of -sight to the orbiter after touchdown. 

This probe lander design features a jettisonable nose cap with a 

/ 

cylindrical cutout in the center of the vehicle which provides access 

i 

for obtaining science samples both during atmospheric descent and on 
the surface. A detail of the nose cap is shown in Figure V-6. A 
hot gas actuated pin retractor is used to unlock the nose cap and 
jettison springs provide a positive separation of the complete mecha- 
nism thus clearing the opening. This separation takes place just 
after entry when the vehicle reaches a subsonic velocity of about 
0.8 M. 

I 

A collapsible atmospheric sampling inlet is shown in Figure V-4. 
This inlet provides sample gases to' the mass spectrometer and gas 
chromatograph during descent and collapses at touchdora. A sample 
acquisition drill device is then deployed. to the surface to obtain 
solid samples. Further discussion of the science implementation is ' 
given in Section VC. 

A 7.0 cm thick-layer of insulation at 64 kg/m^ (4 Ibs/ft^) 
is attached to the back cover and encloses the components. The com- 
ponents are mounted on thermal isolation standoffs which are attached 
to the honeycomb back plate with insulation between the two. The 
honeycomb structure provides load paths from the components to the 
aeroshell without additional frames. The parachute loads are carried 
through the cylindrical mast enclosure tube down into the honeycomb 
backing plate. 

In this hard lander concept the relatively flat aeroshell pro- 
vides good impact and attitude stability on the surface and prevents 
surface penetration. The configuration will float if it lands on a 
liquid nitrogen surface (see Section V D 2) and the aft cover thermally 
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Figure V-6 Jettisonable Nose Cap Detail 



insulates tke components and protects from possiBle splask or debris 
at touchdown. 

For the Class B probe, an 8 m diameter parachute is required to 
control the touchdown descent velocity to within 20 m/s with a result- 
ing maximum impact deceleration of 300 g’s with the' 15 cm attenuator 
stroke- In the proposed concept, the parachute is designed to provide 
a velocity at 100 m altitude which results in 20 m/s touchdown velocity 
after free fall from 100 m.' This allows the parachute to drift free 
of the lander. The parachute can be rigged to drift to the side of 
the lander and, by retaining the canister on the risers, the parachute 
will remain inflated. A small radar altimeter is used to signal the 
100 m release altitude and is located in the honeycomb area as illus- 
trated in Figure V-4. An RF transparent cover provides line-of-sight 
through the aeroshell. 

Pre-entry Science Modute Configuration - The Class B and Class C 
probe configurations include a pre-entry science- module as illustrated 
in Figure V-7. , The unit. is strapped onto the forward heat shield with 
straps that are attached by pins in notches at the maximum .diameter of 
the vehicle. The module is separated into- two parts when' the redundant 
hot wire tension links are severed. At that point, three' forces pro'-' 
vide positive separation of the module from the entry vehicle.' These • 
forces are produced by the springs between the module halves', the' cen- 
trifugal force due -to the spinning vehicle, and any low level aerody- 
namic loads which may be building up at time of release. The science 
instruments are located as shown to assure clean, uncontaminated 
samples of the upper atmosphere. Further discussion of the pre-entry 
science implementation is covered in Section V C 1 a. 

The detailed breakdown of science characteristics is given in 
Table III-3 and the subsystem equipment lists are included in Table 
■7-2, Section V B 4. The total probe weights are summarized in Table 
V-1 by subsystem grouping and the weight for the Class B probe 
designed for the thin (methane) atmosphere is 227 kg while the weight 
for the Class B probe designed for the thick (nitrogen) atmosphere is 
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Figure V-7 Pre- Entry Science Mod 
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226 kg. Again, as for the Class A prohes, the total weights are 
nearly identical, however, the subsystem weights vary considerably. 

As in the Class A probe, the Class B probe designed for the thick 
(nitrogen) atmosphere does not require a parachute and the science 
mast can -be relocated higher up in this area. The thick atmosphere 
design does, however, require additional batteries to accommodate 
the extended descent time and increased transmitter power requirement. 

3. Class C Probe The Class C Titan probe,, like the Class B 
probe, is a combination atmosphere and lander vehicle but it includes 
an expanded surface science payload and is required to survive an 
extended period up to several months. This probe also includes the 
pre-entry science module that was described in the previous section. 

The science payload is described in detail in .Chapter III and 
listed in Table III-l. In addition to the atmosphere and surface 
science instruments of the Class B probe, this probe also carries 
the following expanded surface science complement: 

o Eassive seismometer 
o Microscope 

o Precipitation experiment 

o' Active wet chemistry "ozone analysis" 

o Alpha-backscatter experiment 

The Class C probe configuration is shown in Figure V-8 and is 
essentially a larger -version of the Class B probe with a diameter of 
1.73 m (68 in.) compared to 1,47 m (58 in.) for the Class B probe. 

The structural design and layout is similar to that described for the 
Class B probe in Section V B 2.- 

t 

The major changes from the Class B probe, are the addition of a module 
for deploying some of the expanded science experiments as shown in 
Figure V-8 and a modified power subsystem. This science unit requires 
additional insulation, heaters, and a deployment mechanism. It con- 
tains the seismometer, the microscope sensor head with a fiber optics 
line to the main instrument, and the alpha-backscatter sensor. See 
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Figure V-8 Class C - Probe/Lander Configuration 






Section V C 1 c for a discussion of science implementation.. The power 
subsystem for the Class C probes consists of a combination of batteries 
and RXGs to handle the extended duration mission power requirements and 
the RTG waste heat: is used for thermal control. 

The detailed' breakdown -of the science characteristics is given in 
Table III-3 and the subsystem and structural equipment lists are given 
in Table V-2, Section V B 4. The total probe weights are summarized 
in Table V-1 by subsystem grouping and the weight for the Class C 
probe designed for the thin (methane) atmosphere is 355 kg while the 
weight for the Class C probe designed for the thick (nitrogen) atmos- 
phere is 350 kg. The expanded surface science and increased* mission' 
time result in the large increase in weight of both engineering sup- 
port equipment and" structure over that of the Class B probe. Again, 
although the total weights are similar for the thin and thick atmos- 
phere designs, the parachute (structures/mechanisms) and power sub- 
systems are considerably different, 

4. Summary of Baseline Probe Weights and Equipment Lists - A 
summary of the baseline Titan probe weights is presented in Table V-1 
and support equipment lists are presented in Table V-2. 

The weights’ for the three classes of probes (A, B, C) are shorn 
for both the thin (methane) atmosphere and the thick (nitrogen) atmos- 
phere. These probe designs are discussed i-n the previous sections 
^ (V B 1 through 3) and in Chapter VI under subsystem design. The de- 
tailed list of science payloads for each probe class is given in - 
Chapter III, Table III-l and their characteristics are presented in 
Table III-3. 

Notice that the science instrument weights include a margin and 
then the total system weight has an additional 15% weight contingency. 
Each instrument, according to its uncertainty of definition for appli- 
cation to this mission, was assigned a margin varying from 10% to 30%. 
These weight margins are listed in Table III-3, and represent uncer- 
tainty in both the instrument definition and in implementing the 
integration and sample acquisition. 
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Table V-1 


Titan 


Probe Weight Comparison 


MASS (KG) 

THIN ATMOSPHERE THICK ATMOSPHERE 

(30% PROB SURF. LOCATION) 


PROBE CLASS 

A 

B 

1 

c 


A 

B 

c 

10% SURF. 

b(2) 

32 DAY EXT. 

SCIENCE PLUS MARGIN 

28.0 

51.0 

107.0 


28.0 

51.0 

107.0 

51.0 

51.0 

TELECOMMUNICATIONS 

0.95 

2.6 

4.5 


0.95 

3.4 

5.7 

4.85 

3.4 

POWER/ PYRO / CABLING 

16.7 

29.4 

41.0 


24.7 

43.6 

56.7 

66.6 

45.6 

THERMAL 

4.9 

21.0 

30,9 


4.9 

16.4 

26.0 

24.2 

18.4 

STRUCTURES /iffiCHANISMS 

41.64 

81.5 

112.8 


34.64 

69.5 

96.8 

96.8 

82.0 

DATA HANDLING •& CONTROL 

6.20 

12.56' 

12.56 


6.20 

12.56 

12.56 

12.56 

12.56 

SUBTOTAL 

98.39 

197.3 

308.76 


99.39 

196.47 

304.76 

256.01 

212.96 

15% CONTINGENCY 

14.76 

29.6 

46.31 


14.90 

29.47 

45.71 

38.4 

31.94 

TOTAL 

i 

113.15 

226.9 

355.07 

1 

114.29 

225.93 

350.47 

294.41 

244.90 

DESIGN GOAL 

175.0 

225.0 

’400.0 


175.0 

225.0 

400.0 

225.0 

225.0 


NOTES; (1) CLASS B PROBE DESCENDING TO 10% SURFACE LOCATION. 

(2) CLASS B PROBE WITH EXTENDED SURFACE MISSION TO 32 DAYS. 




Table V-2 Titan Probe Support Equipment List 


cuss A PROBE 


CLASS B PROBE 


CLASS C PROBE 


41.0 THIN 
56.7 THICK 




AgZn BATTERIES 

- 

PYROS 

- 

GABIING (6% OF 
GROSS S/C WEIGHT) 

VL 

PCDA 

SCATHA 

PVRQ CONTROL ASSY 




26(.25)«6.50 

11.2 THIN 
11.1 THICK 

2.63 

2.27 



16 AH THIN 
50 AH THICK 



25 H (226 W THERMAL OUTPUT) 

20 AH THIN 
57 AH THICK 


DATA HANDLING AND 
COMMAND 3/3 


GALILEO 

PROBE 


DATA HANDLING & 
COMMAND UNIT 

DATA RECORDER 


10 U RECD 
15 W PB 


































NASA 

FORMAL 

REPORT 


FFNo 665 Aug 65 
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Tab^e V-2 (concluded) 


HERITAGE 


CLASS A PROBE 


mss 

CKG) 


SIZE 


POWER 

(Wl 


CLASS B PROBE 


MASS 


SIZE 

(cm^> 


POWER 

m 


CLASS C PROBE 


MASS 


SIZE 


POWER 

(W) 


VL 

VL 


VL 

VL 


STRUCTURES S/S 


NEW 


BTOSHlELt) 

AEROSHELL/HEAT 

SHIELD 

BASE COVER 

CHUrE/MORTAR/ 

CANISTER 

ATTENUATOR/AERO- 
SHELL (HONEYCOMB) 

EQUIPMENT SHELF 

EQUIPMENT MAST/ 
>ECH. 

PRE-ENTRY 
STRUCTURE MODULE 

SENSOR HOUSING 
(DEPLOY MECHO 


SENSOR MODULE 
Si MECHANISM 

SAMPLE DRILL 


41.64 THIN 

34.64 THICK 


61.5 THIN 

69.5 THICK 


16 

10.5 


7.0 THIN 
N/A THICK 


3.15 cnD X 3*15 cmL 


N/A- 


N/A- 

N/A- 


N/A“ 

N/A" 


1.14 
N/A 


-N/A 

-N/A 

-N/A 


-N/A- 

-N/A 


-N/A 


20 

3 HEAT 
SHIELD ONLY 

10 

12 THIN 
N/A THICK 

22 

4 

4.5 


3,9 ciuD X 3.35 cmL 
141609 

2.4 cidD X 4.3 cmL 


40.6 cm‘'Dlam. 
N/A 


1180 


100 


-N//d 


112.8 THIN 
96.8 THICK 


26 

4.3 HEAT 
SHIELD ONLY 


15 

16 
N/A 

30 


THIN 

THICK 


5.5 


3.5 


3.5 

1.5 


4,7 cmD X 4, 7 ciriL 
19542X 

2.4 craD X 4.3 cciL 


40.6 cm DlQm. 
N/A- 


1180 


100 









The probes were designed to meet the thin C^e thane) atmosphere 
environment separately from the thick (nitrogen) enyironiaent . In 
comparing the thin versus thick atmosphere probe weights , it can be 
seen that the total weights are nearly the same for a given probe 
class. As discussed earlier there are significant differences in 
the subsystem weights. The thin atmosphere probe designs require a 
parachute (structures/mechanisms) while the thick atmosphere probe 
designs require additional batteries' to acconmiodate the extended 
descent times and increased data transmission ranges. The major 
design driver is the probe class or science payload complement as 
reflected in the science weight. The engineering support system 
weights are roughly proportional to, the science payload weights. 

Early in the stpdy, weight design goals were established' by 
NASA/ARC in conjunction with JPL and they are shown at the bottom 
of Table V-1. The Class A and C probe desi^ weights were well 
under these goals while the Class B probe designs only slightly 
exceeded the values. These weight classes were also used as design 
goals In the parallel JPL study of the Saturn orbiter mission design. 

Also shown on this table are weights for two additional probe 
design variations and these are discussed in Sections V E and V F. 

Detailed weight, power, and size characteristics are giyenlin 
Table V-2 for the_engineering support equipment for all bas_eline, . 
designs. Detailed discussions of the design of these various sub^ 
systems are presented in Chapter VI. 
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c. 


SCIENCE INTEGRATION AND IMP.LEMENTATION 


This section includes discussions on science integration and imple- 
mentation for the pre-entry, atmospheric, and surface science. Althougl 
most of the science instruments "are either the same as or based on 
current instrument designs, a few present unique integration or imple- 
mentation problems due' to the unusual environment of 'Titan. Such envir- 
onmental conditions as extreme cold, low light levels, and the possi- 
bility of a snowy or liquid surface are some of the .major considerations 
This section focuses primarily on the unique problem areas and presents 
both a baseline approach and .possible alternate approaches where appro- 
priate. 

• 1. Pre:-Entry Science 

a. Imptementat-icm Frohlem - Implementation of the pre-entry' 
science on the Titan probe has the same basic problem as was experiencec 
on other similar planetary pre-entry science experiments* To gather 
the maxiinum effective science data we must ensure that the instruments 
will measure samples from free space which have not been contaminated 
o'f altered by the probe* ’ The instrument inlets must, therefore, sample 
ions, electrons and elements that have not previously contacted the 
probe, and have not been affected by the maghe’tic or electric field 
radiating from the probe. 

A second concern in integrating the pre-entry science experi- . 
ments into the probe mission is their possible impact on mission suc- 
cess* The three general approaches to pre-entry science integration 
include placing the instruments internally in the probe, having a com- 
pletely independent pre-entry vehicle, or using a jettisonable module' 
on either the front or sides. The first approach of integrating the 
instruments into the probe carries a low risk of affecting mission 
success; however, it appears difficult in this approach to* provide 
instrument inlet locations that would be free of heat shield contamina- 
tion* Also, inlets through the heat shield carry some risk and repre- ' 
sent heat sHorts to the interior but careful design can minimize these 
problems* Further study of this approach is warranted* 
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The second approacliy a separate pre-entry science vehicle, can 
provide quality science measurements and would have no impact on the 
reliability of the basic probe mission* However, this approach is 
certainly the most costly in dollars, weight and complexity* 

A jettisonable pre-entry science module is probably the easiest 
design concept to integrate onto the probe and, when mounted on the 

front, provides a simple approach for eliminating sample contamination. 
This is a relatively low cost concept, however, it does impose some 
risks to the mission if it is not properly jettisoned* This approach 
has been selected as the study baseline and techniques for minimizing 
associated risks are proposed. 

Design Approach - The baseline design is a pre-entry science 
module which mounts on the front of the Titan probe* This configuration 
is shown in Figure V-7 of Section V B 2 and it requires that the pre- 
entry package be jettisoned prior to encountering the severe entry 
environment. The conceptual design conceived straps the pre-entry 
science package to the, aeroshell without penetrating the ablative heat 
shield. The straps holding the package are pinned to the backside of 
the probe and the science module, which is made an two segments, is 
separated based on an accelerometer signal* At entry the. segmented 
science package is separated by either a spring force, or a pyro-gas 
device* The impulse drives each segment radially from the nose of the 
probe, and frees the straps, which are pinned to the back edge of the 
probe. In addition to the separation force provided by the springs, 
the pre-entry module segments are also forced off the face of the 

t 

aeroshell by the centrifugal force due to probe spin, and by the aero- 
dynamic loads which are just beginning to build up at time of separation. 

Electrical interfaces to the probe are carried on flat wire 
cables which are attached to the hold doxm straps and can be disconnected 
using a hot wire, spring-dis connect connector, such as used on the Viking 
spacecraft- An alternate design concept for the electrical interface, 
which does not require an electrical connector, is discussed in the 
^^Optionat Deeign^^ section* 
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The data interface to the probe’s data system is minimized by * 
providing a data buffer in the science subsystem which time-tags the 
data from each instrument and multiplexes the data, over one set of 
wires, to the Titan probe data system. 

Each instrument x-7ill be designed to sequence itself after 
receiving a bi-level command at separation from the orb iter. ‘ Tlie pre- 
entry sequences are preprogrammed into the instruments and vrf.ll require 
no operational command. Calibration of the instrument will similarly 
be commanded by a single bi-level signal. 

As illustrated in Figure V-7, the science instruments are 
located on the front of the pre-entry science module so that contaminant 
free samples can be obtained. It is important for the mass spectrometer 
and retarding potential analysis instruments that no sample, particles 
contact the structure before entering the inlets. At high entry veloc- 
ities some molecular sputtering is possible wherein the incoming molecule 
strikes the surface and knocks surface molecules into the inlets thus 
contaminating the measurement. This is eliminatedv by placing the inlets 
ahead of all structural elements as is done in the proposed concept. 

The forward aeroshell/heat shield portion of the probe must be 
grounded to reduce electrical field effects on the science readings. 

This is done by wrapping the probe in an aluminized mylar cover as was 
done on the Viking lander vehicle. 

e. Optional Designs ' 

1) Autonomous Probe - An optional pre-entry science con- * , 
cept was evaluated which uses an autonomous probe for iihe 
pre-entry science. This space probe separates from the orbit er 
independent of the entry probe and provides its, own sequencing,, 
data handling and data transmission to the orbiter. 

The configuration of the autonomous pre-entry science probe 
is a spacecraft structure that is spin-stabilized and provides 
the environmental protection required for the coast trip to 
Titan. The inlets for each of the pre-entry instruments are 
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located forward of any structure thereby minimizing or eliminat 
ing sample contamination* The pre-entry probe is separated 
from the orbit er so that it has a trajectory .that is signifi- 
cantly different than that of the Titan probe*. This different 
trajectory is -to insure that there is no possible interference 
from the Titan probe* After spin up and separation from the 
orbit er the pre-entry instruments will sequence and transmit 
the pre-entry data directly to the orbit er. The pre-entry 
science will be designed to operate and transmit data for ’at 

r 

least 33 minutes. 

Power requirements for the autonomous probe are estimated 
at 39-5 W and 39.5 W-hr of energy required* In' the autonomous 
probe, power i$ required for the data handling and transmitting 
system as well as for the science' instruments* The battery 
for the autonomous probe will be a silver-zinc, remotely acti- 
vated type battery, which is activated prior to separation 

V t 

from the orbiter. 

The obvious advantage of the autonomous pre-^ntry probe 
is that it has no direct impact on the Titan probe design. 

The orbiter design must provide spin-up for the two proves and 
have a separation mechanism that will not compromise the Titan 
probe reliability because of the autonomous _pr e-entry, probe 
separation. The disadvantage of the autonomous concept is the 
added weight, complexity and cost that is added to tha overall 
system. The- cost can be minimized by using the data handling 
subsystem and transmitter .that is in the Titan probe. 

2) Optional Electrical Interface to Baseline Concept - In 
the baseline design the electrical interfaces between the pre- 
entry science and the Titan probe are made through a standard 
type connector. The seven-year transit time to Titan may 
degrade the mechanical ^ surface-to-surface electrical contact. 

A method of eliminating the connector is to use an **air gap" 
transformer to complete the electrical circuits between the 
Titan probe and the pre-entry science subsystem. 
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The concept considered is to develop an air gap pulse 
transformer that has one-half of its split core mounted on 
the inside surface of the probe and the other half clamped 
outside, and then connected to the windings from the pre- 
entry science subsystem- Figure V-9 shows this concept. The 
advantage of using a transformer rather than a pin type of 
connector to complete the circuit, is that physical surface- 
to-surface contact is not required. Once the air gap is 
established by mating the halves it can only change due to 
the expansion and contraction of the clamp. Careful design 
of the air gap transfer will allow variation in the air gap 
without affecting performance. - Another advantage of this 
concept is that when the pre-entry packages are jettisoned 
it will not be required to depend on a mechanical disconnect. 
Instead the release of the clamp straps, in the baseline 
design will also release the clamped air gap transformer. 

A more reliable jettison action will result. 

3) Alternate Pre-entry Science Power Device — An option 

i 

to using an electrical power connector would be to pass the 
power from the probe through an air gap transformer, after 
inverting the battery dc voltage to some convenient ac power. 
Similar to the air gap pulse transformer presented in the 
previous section this would provide for a "contact-less” 
electrical connection as well as allowing the jettison' dis- 
connection to be made without depending on a mechanical 

connecto:r* 

2. Atmospheric Science 

a. Irrptementatibn Problems - The atmospheric science experi- 
ments are described in some detail in Chapter III and include the 

"I 

following: 

o Atmosphere structure instrument 
o Multispectral radiometer 

o ITephelometer with differential thermal analyzer 
o Neutral mass spectrometer 
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Probe Data System 



0 Gas chromatograph 

o Descent imagery 

o Doppler /wind Cstahle oscillator) 

All of these experiments except the descent imagery haye heeti 
previously integrated into atmosphere probe vehicles such as the Pioneer 
Venus probe, the Viking lander, and the Galileo probe, No unusual 
problems are anticipated in integrating these science instruments into 
the Titan probe designs, however, techniques must be implemented' for 
deployment of the nephelometer , the temperature sensor, and the atmos^ 
pheric inlet for the mass spectrometer and gas chromatograph. The 
multispectral radiometer sensor must be uncovered after entry to provide 
its specified field of view. 

h* Design Approaeh - In the Class A probe, the' atmospheric 
inlet penetrates the heat shield at the center ^ of the nose or the stag- 
nation point. To eliminate possible contamination the inlet is spring— 
loaded to protrude beyond the heat shield boundary^ layer when deployed. 

For the Class B and C probes, a nose cap' of about 35 cm in - ' 

diameter is ejected .after entry as illustrated in Figures V-4-, * V-6, ^ 
and V“8 of Section V B. This nose cap is ’released just after entry 
at the time the descent parachute is deployed for the probes^ des^igned ^ 
for the thin atmosphere; .This condition is at a descent .condition of 
about 0.8 M for both the thin and thick atmosphere designs. With the 
nose cap removed, the atmospheric inlet is exposed as well as the' descent 
imaging camera. . The inlet tube is also deployed out slightly beyond 
the boundary layer region to eliminate possible contamination. 

This tube is designed to collapse on contact with the ground since 
its function is completed at that time. 

f 

The descent imagery camera is pointed directly down with a 90- 
degree field of view of the landing area, A CCD type camera was 
selected since it can stop the motion by providing a snapshot of the 
scene. The analog image is temporarily stored on the CCD matrix and 
then the analog signal is read into a special CCD buffer storage device 
called an analog delay line. From here the signal is digitized and 


V-29 



interleaved into the data stream for direct transmission to the orBiter. 
Further discussion of this data handling device is given in Section 
VI D 3. 

The imaging system must Be designed for relatively low light 
levels according to estimates made at this time. The -maximum esti- 
mated light levels at the' subsolar region on Titan are aBput . 009 W/m^ 
which is "about '3 times full moonlight^ oh' earth," The more likely light 
levels will be reduced somewhat (possibly a factor of 2)' by the presi 
ently poorly defined cloud layers in the Titan atmosphere, 

A more detailed discussion of this situation is given in Section 
V C 3, for the surface imaging camera. However, in summary, the pre- 
ferred design approach is to use either available light or a light 
intensifier depending on tlie assessment of light requirements at the 
time of hardware design*' If the current light level estimates are 
correct, a CCD type imager has sufficient sensitivity to obtain images 
without' au^ehtation. The second choice would be to add a light inten-- 
sifier, Intensifiers are being built and used today with gains from 
10,000 to 40,000 and these devices- are very small and lightweight. 

They do, however, require a high voltage power supply. Other more ^ 
drastic approaches* were -considered *such as drppplng flares- but the 
above discussed- approaches appear satisfactory a,t this-^time. • . 
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3. Surface Science 


a. Implementation Problems - The primary implementation problems 

arise from the uncertainty in the surface characteristics. At this time, 

the atmosphere and surface model uncertainties are so broad that it is 

♦ 

possible to have a surface consisting of combinations of solid ices and 
clathrates, or relatively soft "snow”, or even liquid nitrogen. This 
situation complicates surface sample acquisition and the design of a 
reliable seismic experiment with effective coupling with the surface. 

The uncertainty in light levels at the surface due to unknown 
cloud densities will require an automatic light level camera adjustment, 
however, this is commonly done within the current state of the art. 

If new science analysis, based on data from the Pioneer 11 and Voyager 
missions,' results in significantly lower light level than currently 
estimated, then artificial light sources may be required. However, 
current light level estimates indicate that present camera systems 
alone or in conjunction * with light intensifiers can satisfactorily 
image the surface in the general vicinity of the subsolar region. 

It is anticipated that the uncertainties in the Titan atmos- 
phere light levels and surface characteristics will be considerably 
narrowed before the hardware design phase starts sometime after 1983. 
Within the current model definitions, it appears that no major new 
developments are required. If the uncertainties remain rather broad, 
it will result in more costly solutions to the surface science imple- 
mentation, but reasonable concepts are available. 

&. Design Approach - The surface science experiments have been 
described in Chapter III, Section III D and include the following: 
o Impact accelerometer 
o Meteorology 
o Composition (GCMS) 

o Active wet chemistry "ozone analysis" 

. o Alpha-backs cat ter 
o Surface imaging 
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o Microscope - 
o Passive seismometer 
o Precipitation experiment 

. The impact accelerometer may use either the entry accelerometer 
triad- switched -to a- high range or, more likely, a separate accelerometer 
located near the center of gravity of the lander. The impact data will 
be buffered and later interleaved into the science data stream for 
direct transmissloTi to the orbiter. About 60,000 data bits are required. 
The acceierometar is activated by the low altitude radar altimeter which 
also triggers release of the parachute for the thin atmosphere designs. 

The meteorology . experiment is mounted near the top of the science 
mast just under the flat microstrip RF antenna and above the imager 
camera. It consists of hot wire elements similar ^to the Viking lander 
meteorology. Figures V-4 and -8 show the experiment location in the 
stowed position on -the Class B and C landers.* 

The Class B probe‘*uses the GCMS for -composition measurement and. 
the expanded' science payload of the Class C probe :also includes the wet. 
chemistry unit and the alpha-backs catjter .unit • The GCMS _ experiment . uses 
an inlet and manifold system as- illustrated below which allows botl> par- 
allel and series measurements. 
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In series measurements, the sample goes through the GC first and then 
the MS as illustrated above. Figure V-'S shows the general layout of 
the GCMS and processor. 

The wet chemistry ozone analysis experiment is a front end pro- 
cessor which feeds the output gases from its reactive chemistry into 
the GCMS for detection. This experiment needs more development for a 
detailed definition, however, the physical characteristics assumed- 
for this evaluation are based on a fairly extensive study, by Martin 
Marietta of a similar instrument for use on'^a^'Mars rover* " concept , 

Both of the above composition devices have a common requirement 
for sample acquisition and delivery to the* instrument processor* ' Figure 
V-10 summarizes the requirements, problems, and activities related to"' 
surface sample acquisition nn Titan. Also,- a proposed sample acquisi-- 
tion concept is shown. A Viking type' soil scoop is not applicable' for 
the Titan surface because the surface probably does not 'contain any ‘ , * 
granular soil or rock. The' titan low ‘buik|^density*' indicates that ^ the 
body must consist mainly of‘^ices with a low- -per cent age of rockl'which 
is probably at the core rather than on the surface^' It has ^been postu- 
lated that various organic compounds have formed in the atmosphere and 
aerosol layers and precipitated out to the surface over a long period 
of time. Based on the se considerations, the surface may consist of 
ices or clathrates, "snow” from atmospheric gases or aerosols, and pos- 
sibly liquid nitrogen'. For composition measurements, it xs a require-* ^ 
ment to obtain and seal the sample so that no fractions are lost -in 
handling. The sample must be heated throughout to ‘a controlled tern- : 
perature level and then the gases are carried to the GCMS for detection^ 
This process is repeated in 8 to 10 steps in order to accurately define 
the composition. \ . , . - . J * i 

The problems are listed in Figure V-10. The surface uncertainty 
makes it difficult to obtain and handle the sample. The concept shown 
assumes that the surface is primarily ice or dense snow. If a liquid 
surface is encountered, it would probably be most practical to have a 
secondary, parallel sample acquisition system capable of handling 
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Figure V-10 Surface Sample Acquisition 

Core Sample Acquisition 




Obtain Sample (ice, Snow, Liquid) 
Seal Sample 

Heat & Stabilize in Increments 
Deliver Gas Products to GCMS 


Problems; 

Surface Uncertainty (ice. Snow, Liquid) 
Maintaining Sample Integrity 
Sealing . 

Multiple Samples 
Precise Temperature Control 


•Related Activities 

• "Mars Permafrost Sampling Requirements". 

JPL Lab Tests 

® "Study of Sample Drilling Techniques for 
Mars Sample Return Mission." 

Martin Marietta Study, NASA Contract 9-15613. 






liquid ♦ In the solid surface ceae as shown, a core type drill is pro-' 
posed which extends into the surface, either cuts a sample with slow' 
rotary motion or by means of impact, retracts the sample to the heater 
coil area, and finally applies heat to drive off the gases. The con-' 
cept assumes the core sample extraction and movement into the -heater 
area- is done fairly rapidly so that only the sample surface may he 
lost to melting or crumbling. As long as the hulk of * the sample is 

I * 

undisturbed, the scientific results will be valid. Laboratory tests 
of a^ core type drill were performed by JPL in a study titled 
Permafrost Sampling Requirements^', and Martin Marietta, under' NASA con- 
tract is currently working on the same basic problem* in an effort 
titled "Study of Sample Drilling Techniques for Mars Sample Return 
Missions". Additional, development is required to perfect these tech- 
niques since problems have been encountered with the sample partially 
melting during the coring operation, then refreezing inside the core 
tube. However, methods of solving these' problems have been proposed. 

An optional sample acquisition technique involves placing a 
tube and heater on- the surface and carrying only the., gases up from the 
surface to the GCMS. This approach is less satisfactory from a science 
standpoint because there is little control of the bulk tejnperature and 
less information can be obtained in^this manner.-' ' 

The alpha-^backscatter experiment ^ requires that a sample be 
placed very close to the alpha-source and detector. This is especially 
important if the thick atmosphere is encountered since alpha particles 
are significantly absorbed by dense atmosphere. Two concepts were con- 
sidered for this application and are illustrated in Figure V-11. The 
one concept consists of carrying the sample* to^ the sensor as was pro- 
posed for the GCMS experiments. For the alpha-backs cat ter device, the 
microscope, and the seismometer it appears -practical to deploy' the 
sensor to the sample or surface as shown, in the figure. This implemen- 
tation is also shown for the Class C probe in Figure V-8. 

i 

The microscope also requires -accurate positioning of the sample 
because of the very short focal length inherent in the optics. By 


V-35 



V-36 


Figure V-11 Science Acquisition Concepts 


SAMPLE TO SENSOR 


SURFACE EXPERIMENTS 












using a fiber optics extender, the object lense can be brought close 

s^ 

to the surface T-7ithout destroying the sample by handling. Also, a 
small light source can be mounted to the head of the microscope to 
provide known intensity and direction of the light. 

The seismometer has a unique problem in obtaining effective 
coupling with the surface. Ideally, the sensor should be placed in 
direct contact with the solid surface. For the icy surface, this can 
be accomplished by driving the sensor box down until spikes are securely 
forced into the surface. The box must be well thermally insulated and 
heated with small resistance heaters to suryive many weeks. If the 
surface is soft and ”snox^y” then poor coupling will result. 

For imaging, the requirements and lighting conditions are given 
in Figure V-12, The descent imaging experiment was discussed in Section 
V C 2 b, however, the lighting situation is similar. As -/shown in the 
figure, the requirement has been established to obtain a minimum of 
one complete 360^ panoramic color image of the surface area ;af ter touch- 
down. Since a color image requires three black and white images using 
different filters, the imaging effectively has triple redundancy for 
black and white imaging thus improving the probability of receiving 
some pictures. The maximirni "light level at the subsolar region is esti- 
mated to be .009 W/m^. This^is- equivalent to about three times a bright 
moonlight night on earth. ^ This light level is more than sufficient for 
excellent, high contrast imaging with current CCD or facsimile silicon 
photosensor array type cameras.. The probable surface light level' may 
be reduced by atmospheric aerosols by a factor of two or so; however, 
if this reduction is very large a light intensifier may be added to 
the camera optics. Light intensifiers use very little power, are com- 
pact, and those available today provide gains of from 10,000 to ,40,000. 
They do require a high voltage power supply just as' the mass spectrom-- 
eter does. However, today’s CCDs and photosensors are extremely sensi- 
tive and, with appropriate noise subtraction techniques used today, the 
addition of intensifiers or artificial light will probably not be, 
required. If the light levels turn out to be unexpectedly low, which 
is not likely, artificial light sources could be included such as 
synchronized Zenon or laser spotlights, floodlights, or flares. 
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Figure V-12 Imaging Requirements 


REQUIREMENTS 
o 


OBTAIN IMAGES OF LANDING AREA 
DURING DESCENT 

OBTAIN PANORAMIC CCOLOR) IMAGES 
ON SURFACE AFTER TOUCHDOWN 


LIGHT ENVIRONMENT 

o MAXIMUM LIGHT LEVEL 

. 009 W/m2 3X MOONLIGHT ON EARTH) 

o PROBABLE SURFACE LIGHT LEVEL LESS 
THAN MAX. DUE TO ATMOSPHERIC HAZES 

LIGHT LEVEL ENHANCEMENT 
0 PREFERRED APPROACH; 

- ADD LIGHT INTENSIFIERS TO CAMERA 

- GAINS OF 10,000 TO 40,000 ARE AVAILABLE TODAY 

- .009 W/m^ X 10,000 = 90 W/m^ (BY COMPARISON, 
AN EARTH OVERCAST DAY IS ABOUT 40 W/m^) 

o ALTERNATE APPROACHES; 

- DROP FLARES FOR DESCENT IMAGE 

- SYNCHRONIZED XENON OR ARGON LASER SPOTLIGHT 

- FLOODLIGHTS (IE; RUSSIAN VENERA) 

- LOFT FLARES FROM SURFACE 




CCD OR FACSIMILE CAMERA 






4. Alternate, Science - B^IIqqii Sonde 


Imptementat'ion Vvob^teinS' ^^The primary considerations in the 
design of a balloon sonde for use bn Titan include the impact of' the 
extremely low temperature, reliable inflation' and deployment of the 
balloon, and selection of the inflation gaSt The baseline design pro-- 
vides a temperature 'and pressure profile mth altitude and transmits 
its data back to the lander *f or storage and later « retransmission to the 
orbiter- * A more ambitious option would -be- to also track the balloon 
from the lander to obtain wind data;, however, this option would require 
the addition of >a directional , antenna on the, lander* 

Titan atmospheric temperatures may be as low as about 70 K at 
balloon operating altitudes ^ in* the thick atmosphere. The balloon misr- 
sion does not appear feasible in the thin atmosphere model because of 
the low densitijes* ' The low temperatures require a. well insulated bal-' 
loon gondola .to thermally protect the electronics during ascent* How^, 
ever, the most critical problem associated with the lowr temperature is 
the selection. .of a balloon skin material that .will remain reasonably 
flexible when exposed to the environment*, Many . convent ipnal balloon 
materials such as Mylar or Kapton become brittle at the anticipated^ 
temperatures. Furthei evaluation of available materials is required 
to fully assess this problem* Certain classes of plastics such as 
Teflon do retain, some flexibility at low temperature and with suf f i-- 
cient pre-heating of the material prior to deployment and inflation, 
a practical design may be possible. 

The balloon xould be inflated .with helium, hydrogen, or hot 
atmosphere. As discussed in Chapter III the hot atmosphere, solar . 
heated Montgolfiere type balloon concept was dropped from further con- 
sideration at th,is time because the estimated solar energy available 
at -reasonable float altitudes was insufficient. Cursory assessments 
of an actively heated hot atmosphere balloon by both Dr. Blamont of 
•CNES and by Martin Marietta indicated that a reasonable design would 
be excessively heavy for this particular mission design. 
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Helium gas is proposed for the baseline design of a balloon 
sonde because it results in the lightest weight combination of infla- 
tion gas plus gas storage system* Helium can be stored in titanium 
tanks at very high pressures (4500 psi) for long periods* However, if 
the boron or glass wrap tank technology comes of age by the time the 
hardware phase of the Titan mission starts sometime after 1983, then 
hydrogen would be the best choice for the inflation gas. Not only 
does it have half the molecular* mass of helium but it has a lower leak 
rate because of its diatomic structure. Unfortunately, hydrogen cannot 
be used in a titanium tank because of its hydrogen-embrittleinent of 
titanium, 

b, ' Design Approach - The helium inflated 'balloon sonde design 
is summarized in Figure V-13, The science payload * includes pressure 
and temperature sensors and a radio altimeter design* similar to those 
commonly used on earth weather sondes. A small battery and transmitter 
are enclosed x^ith the electronics in a lightweight box structure and a 
layer of insulation maintains the temperature 'in the gondola utilizing 
the electronics waste heat. The total mass of the gondola is 2.8 kg. 

A 4 m diameter helium filled balloon is required to provide 
flotation for the system and it reaches full inflation at an altitude 
of 167 km-* (2867 km radius) which is about 4 density scale heights 
above the 60% probable surface in the thick (nitrogen) atmosphere. 

The schematic in Figure V-13 shows the proposed inflation and packag- 
ing concept, A 31.5 cm diameter titanium tank which weighs 10.8 kg 
contains 0,7 kg of helium at 4500 psi pressure. The total system 
weight including gondola, balloon tank, and support structure is 19.0 
kg. The balloon is folded on top of the gondola and enclosed in an 
insulated canister. 

A short period before deployment of the balloon sonde, the 
battery will be remotely activated and the canister pre-heater will be 
energized to heat soak the balloon material and assure that it becomes 
flexible before the deplo 3 Tnent and inflation process begins. Then a 
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Figure V-13 Balloon Concept - Thick Atmosphere Only 
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pyro valve releases the helium gas through a constricting orifice into 
the balloon and as it starts to inflate it forces the insulated cover 
off.- The helium bubble will buoy the top of the balloon up thus deploy- 
ing its full length. After the helium tank is exhausted a second pyro 
device will sever the helitun fill line thus releasing the balloon sonde. 
As the balloon ascends it will measure pressure,' temperature, and alti- 
tude and transmit the data back to the lander for storage. 


V-42 



D. LANDING SYSTEM OPTIONS 

The baseline landing concept is a hard lander configuration 
'-^described in Section V B 2 for the Class B probe. This section com- 
. pares a soft lander concept similar to the Viking lander with a hard 
lander. In addition, a discussion of landing and flotation considera- 
tions for a liquid or snowy surface are presented. 

1. Hard Versus Soft Lander Comparison - Early in the study a trade 
off between hard versus soft landers was performed for the Class B 
' probe designed for' the thin atmosphere. 

The results of this analysis showed that the soft lander reduced 
the landing shock by slightly more than an order of magnitude, i.e. 

30 g^s vs 300 g^s. However, the soft lander cost and weight- was 
higher than that of the hard lander," i.e. 80% and 10% respectively. 

The hard lander concept was selected over the soft lander oh the 

t 

basis of unfavorable weight, complexity, and cost penalties. 

The hard lander configuration shown in Figure V-4, uses a combina- 
tion aeroshell and crushable honeycomb shock attenuation system. The 
system is designed to limit the touchdown deceleration to less than 
300 g's with a 20 m/s Impact velocity and a 15 cm stroke. A short 
range radar altimeter provides the signal to release the parachute at 
about 100 m altitude and* the lander then free falls to the surface. 

The weight characteristics of this design are shown in Table V-3. 

Note that the science payload is somewhat less than that of the Class 
B probe baseline design of Section V*B'2. This trade-off was done 
early in the study and the baseline' science payloads were redefined 
at the midterm meeting. However,, the relative comparison of the hard 
versus soft lander designs is valid. 

The soft lander configuration is shown in Figure V-14 and it is 
conceptually similar to the Viking lander. The lander Is packaged 
inside the entry aeroshell and, after entry, the parachute is deployed 
which extracts the lander from the aeroshell. The lander then descends 

I 

through the atmosphere on the parachute until -it reaches an altitude 
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Table V-3 Class B Probe Weight Comparison - Hard Versus Soft Lander 


MASS, KG 



HARD LANDER 

’SOFT LANDER 

SCIENCE 

40.2 

40.2 

TELECOMMUNICATIONS 

• 3.9 

3.9 

DATA HANDLING AND cWrOL 

1 

6.2 

6.2 

POWER/PYRO/CABLING 

22.7 

23.6 

THERMAL 

8.8 

8.8 

STRUCTURES /MECHANISMS 

52.8 

75.7 

ATTENUATOR STRUCTURE ' 

22 .-0 ' 

t 

RADAR ALTIMETER 
SOFT LANDER SYSTEM; 

1.0 


TDLR/RATE GYRO 

- 

9.3 

VALVE DRIVE AMPLIFIER 

- 

4.5 

MICROPROCESSOR 

- 

2.3 

PROPULSION/ ACS 

- 

10.0 

SUBTOTAL ' . • 

157; 6 

184.5 

15% CONTINGENCY 

23.6- ■ 

27.7- 

TOTAL 

181.2 

212.2 



Configuration (Soft Lander) 






of 100 TR above the surface* At this point the terminal descent and 
landing radar (TDLR) signals release of the parachute and activation 
of the terminal descent propulsion, A guidance and attitude control 
subsystem are required to bring the lander to the surface. Three 
terminal descent engines with controllable thrust provide thrust 
level, pitch and yaw control and two small thrusters provide roll 
control. A touchdown velocity of 2 m/s or less can easily be 
obtained. The landing legs use crushable material for shock atten- 
uation and this eliminates* possible rebound at touchdown. 

Table V-3 presents a weight comparison for the two concepts and 
a cost comparison is given in Chapter VIII, Table VIII-3. In sunimary, 
the soft lander concept increases the weight over that of the hard 
lander by 17%. The soft lander requires the addition of the following 
subsystems; 

o Terminal descent and landing radar (TDLR) 
o Rate gyro 

o Valve drive amplifier (ACS control) 
o Microprocessor 
o Propulsion/ACS 

o Landing leg structure and mechanism 

By comparison, the_hard lander required: 

o Honeycomb shock attenuator system 
o Radar altimeter 

The increased complexity of the soft lander over the hard lander is 
reflected -in the nhove comparison of additional subsystems and in the 
cost comparison. From Table VIII-3 of Chapter VIII, the soft lander 
cost is about 80% greater than that of the hard lander. 

2. Snow or Liquid Surface Considerations - The baseline design 
concept, which retains the entry aeroshell configuration to the surface, 
provides a large surface area on contact with a soft, snowy or liquid 
surface. On a soft or snowy surface this configuration minimizes the 
penetration an^ provides a very stable platform for subsequent science 
measurements. 
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The lander capsule buoyancy characteristics in liquid nitrogen 
(density = 810.4 kg/m^) were investigated. It was assumed that the 
capsule was sealed internally in the area of the deployed nose cap 
and deployable science sensors and at the aeroshell/base cover inter- 
face. The capsule will float in the upright condition with the liquid 
surface approximately 9 cm aft of the aeroshell/base cover interface. 
Figure V-15. If the capsule is displaced as shown at the right -side 
of the figure, a restoring moment is produced which tends to return 
the capsule to its upright position, denoting a stable buoyancy con- 
dition. A deployable outrigger design could be added for greater 
stability as. illustrated on Figure 15 if- there turned out to be a 
high probability of a liquid surface. Additional data on the prob- 
able surface characteristics are expected to be available prior to 
hardware design. 
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Figure V-15 Lander Buoyancy Characteristics 
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CLASS B PROBE IN 10% PROBABLE THICK ATMOSPHERE 


1 . Introduction - This section' presents a discussion of the impact 
of the extreme 10% probable surface in the thick atmosphere on the base 
line Class B' probe design.^ At the midterm meeting it was decided that 
the bulk of the configuration trades to be completed in the study 
should be limited to the 60% and 30% probable surface locations since 
the 10% probable surface would unrealistically drive the design conclu- 
sions. However, the impact of designing to the 1.0% surface was eval- 
uated and the results are presented in the following paragraphs. . . , 

The primary effect of probe descent to the 10% probable surface -is 
an increase in descent time of about 3.8 hours beyond the 30% probable 
surface and an altitude increment of 43 km. Although the pressure 
rises up to about 21 bars at the 10% surface, the environment, has very 
little impact on the system design. The major impact results from the 
additional 3.8 hours of descent time wherein more total battery energy 
is required and the probe to orbiter coiiununicatio.n link range is 
increased. 

Two design approaches were evaluated for meeting the increased 
time requirement. The first was to maintain the baseline con'figura-’ 
tion and evaluate the impact of the increased time on battery size, 
communications range, increased transmitter power, and modified 
orbiter flyby altitude. The second approach was to consider staging 
from the entry configuration into a higher ballistic coefficient 
shape which would reduce the descent time, back to something like the 
baseline descent time. Each of these concepts and the resulting • 
system impacts are discussed in the following paragraphs. 

2. Class B Probe Baseline Configuration in 10% Probable Thick ' 
Atmosphere - The Class B probe baseline configuration was designed to 
descend through the 60% probable surface location (2786 km radius) and 
on down to the 30% probable surface (2743 km radius) . Figure lV-14 of 
Chapter IV presents the entry and descent time history for the thick 
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(nitrogen) atmosphere case. The descent time after entry to the 30% 
probable surface is 4.81 hours and to the 10% probable surface is 
8.68 hours or an increase of 3.87 hours. 

In order to accommodate the communications link and maintain the 
orbit er in view of the probe, the orbit er radius of closest approach, 
for the baseline design was raised from 12.8 R.|t (Titan radii) to 20.0 
for the 10% probable surface design. The resulting communications 
link geometry is shown in Figure V-16 and can be compared to the base- 
line design link of Figure Vl-2- The touchdown times are shox^h on the 
figure for the 60%, 30% and 10% probable surface locations for the 
baseline subsonic descent ballistic coefficient of 94 kg/m^. 

The resulting system design changes are summarized in Table V-3» 

The increased descent time resulted in increased communications link 
range, increased RF transmitter power, increased battery supply time 
and, therefore, increased' total battery size. The required battery 
energy nearly doubled over that for the baseline des'ign. All of 
these increases resulted in an increase in probe thermal and struc- 
tural support requirements with an overall weight* increase of 30% 
over the baseline design as shown in the weight summary included 
in Table V-3. 

3. Vehicle Incorporating Staging to Increased Ballistic Coeffi- 
cient - The second approach to designing a probe to meet the require- 
ments of descending to the 10% probable surface was to stage to a 
higher ballistic coefficient in order to reduce descent time. Figure 
V-17 illustrates a few of the configurations that were considered for 
this approach and compares their characteristics to the baseline entry 
shape. 

The baseline shape is a 70^ half angle cone entry configuration 
which is maintained to the surface. A segment of a sphere covers the 
back side and provides good packaging volinne. Its subsonic ballistic 
coefficient of 95 kg/m^ results in a descent time of 4.9 hours to the 
30% probable surface (2743 km radius) and 8.7 hours to the 10% probable 
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Figure V-16 Configuration Geometry - Thick (Nitrogen) Atmosphere ~ Long Range 
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Table V-3 Comparison of Baseline Probe Design Parameters with 

10% Probable Surface Probe Design 


Class B Probe 



Baseline 

30% Probable Surface 

10% Probable Surface 

Descent Time from Entry, hr. 

4.81 

8.68 

Communication Design Range ^ km 

50,000 

76,000 

Design Data Rate, bps 

750 

960 

Transmitter RF Power, W 

6 

20 

Battery Energy Required, W-Hr 

1,392 

2,495 

Weight Comparison, kg 



Science plus Margin 

51.0 

51.0 

Teleconmiunications 

3.4 

4.8 

Power /Pyro'/ Cabling 

43.6 

66.6 

Thermal 

16.4 

24.2 

Structures/Mechanism 

69.5 

96.8 

Data Handling & Control 

12.6 

12.6 

Subtotal 

196.5 

256.0 

15% Contingency 

29.5 

38.4 

Total 

226.0 

294.4 
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Figure V-17 Thick Atmosphere - Configuration Considerations • 
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surface C2786 km radius). This' configuration- has good landing sta- ' 
bility and low^ surface penetration because of its large forward sur~ 
,face area. As described in Section V D 2, the configuration also 
floats on a liquid nitrogen surface if appropriately sealed. 

'* The second configuration is a typical low angle blunted cone shape 
which reduces the drag considerably, however, it is more difficult to 
’^package densely with a sufficiently far forward center' of ' gravity for 
stability. It does reduce the time of descent somewhat and this shape 
could be used as the entry configuration with no staging required. Its 
disadvantage is that it would require an attitude erection system after' 
touchdown. 

The third shape is a sphere with a “burble” fence attached for 
stability. This shape packages better than the blunted cone and sig- 
nificantly reduces the descent time. It also requires an attitude 
erection device, however, it would be relatively easy to roll upright. 
Its natural flotation stability in a liquid would be poor although 

outriggers could be added. It probably requires an aeroshell for entry. 

« 

The last shape is essentially a cylinder stabilized by fins and^by 
extending the length, the ballistic coefficient can be increased to 
nearly any desired value. This configuration has poor packaging, poor 
landing stability, and poor flotation; It also requires' an attitude ' 
erection system after touchdo^m. 

In summary, all of the higher ballistic coefficient configura- 
tions require considerably more complex systems for touchdown and 
attitude erection. Also, they appear less versatile than the baseline 
concept from a packaging and surface flotation standpoint. Since the 
baseline concept can be adapted to the greater descent, depth (le: 1.0% 
probable surface. Section V E 2) with a reasonable weight penalty of 
30%, the investigation of the higher ballistic coefficient concepts 
was not carried any further. 
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F* CLASS B PROBE EXTENDED SURFACE MISSION 

A trade study was conducted to evaluate the impact of extend- 
ing the Class B proBe baseline mission beyond the initial landing 
for another 32 Earth days or two Titan days* The extension would 
allow measurement of meteorology data over two diurnal cycles and 
additional composition and imaging at time of re-encounter. 

Table V-4 compares the probe designs for the two mission 
options. The baseline probe performs Its primary surface mission 
in 1.5 hours and continues secondary science measurements until 
the orbiter passes out of communications range a few hours later 
thus * terminating the mission. The extended mission operates in 
the same sequence during the initial landing period. After the 
orbiter goes out of range, the extended mission probe is powered* 
down so that only the meteorology and data handling subsystems 
are operating. An RTG provides power for both the active elec- 
tronics and for recharging the primary batteries. Its waste heat 
is used in conjunction with isotope heaters for thermal control. 
The same primary batteries can be used for both probes without 
change since they have the same energy requirements during the 
orbiter initial encounter and second encounter periods and the 
RTG recharges these batteries before second encounter. 

The weight comparison illustrates- -that the extended mission 
requires less than 10% more weight than the baseline mission. 

The addition of the RTG and associated power control equipment 
as well as additional thermal control resulted in the increased 
probe volume and structural weight. 

The increase in program cost for the extended mission is 
$6.9 M compared to the baseline cost of $78.0 M or an increase 
of 9% as discussed in Chapter VIII and detailed in Figure VII1--5. 
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Table V-4 Comparison of Class B Probe Baseline and Extended 

Mission Concepts 


Class B Probe 


Baseline 3 2 -Day 

(Initial Landing Extended 
Only) Mission 


Surface Mission Time 

2.5 Hrs. 

32,2 Days 

Battery Energy Required, W-Hrs. 

812 

812 

RTG Power Required (BOL) , W 

None 

12 

Additional Science Obtained 
Weight Comparison, kg 


Meteorology 
Imaging 
Composition . 

Science plus Margin" 

51.0 

51.0 

Telecommunications 

.3.4 

3,4 

Power/Pyro/Cabling 

43.6. • 

45.6 

Thermal 

16.4 

18.4 

Structures/Mechanisms 

69.5 

82.0 

Data Handling & Control 

12.6 

12.6 

Subtotal 

196.5 

213.0 

15% Contingency 

29.5 

31,9 

Total 

226.0 

244.9 
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VI. 


SUBSYSTEM DESIGN 


A. INTRODUCTION 

This chapter describes the various subsystem designs and dis'^ 
cusses critical design and integration considerations, Bejcause of 
the large number of configurations covered in the study matrix. 
Figure V-2, the subsystems are discussed in general terms with 
specific examples defined where appropriate. In Section VI B, the 
science mission sequences* are identified and the data rate require- 
ments for each probe class are established. Using these data rates 
in conjunction with the communications geometry between probe and 
orb iter for each design, the RF transmission power and input power 
requirements were determined. Section VI C. From these results 
the data handling system .was defined. Section VI D, and from the 
total power load history the probe power subsystem was established. 
Finally, using all heat loads from the electronic subsystems, 
requirements for thermal insulation and additional heat sources 
were determined, Section VI F. 

B. SCIENCE SEQUENCES AND DATA RATES 

The science sequences and resultant data rate requirements are 
based on required science instrument measurement periods' and samp- 
ling intervals. TKe individual instrument data rates were speci- 
fied in Chapter III, Table III-2, and the entry and descent time 
profiles for the thin and thick atmospheres are sho™ in- Figures 
IV- 13 and IV-14. 

The science instrument mission operational phases were deter- 
mined from the science measurement requirements and are summarized 
by probe class in Table VI-1. The operational phase times are 
shown at the bottom of the figure for both the thin and thick 
atmosphere models- The major difference between atmosphere models 
is reflected in the descent time to the surface. The bars indi- 
cate the period in which each instrument operates, and the probe 
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Table VI-1 Science Instrument Mission Operational Phases 



PROBE CLASS 


MISSION OPERATIONAL PHASE 

j 

/ 





- 

- 




EXTENDED 


CPT CMrC 




WARM-UP 



* 

TOUCHDOWN 

SURFACE 


oLI tiNth 

A 

B 

c , 

CALIBRATE 

PRE-ENTRY 

ENTRY 

DESCENT 

INITIAL SURFACE 

■SSmRRI 

RE-ENCOUNTER 

PHE- ENTRY 











1 . Neutral Mass Spec 


X 

X 

* 







2. ION Mass Spec 


X 

X 






. 


3. Retarding Potential Analyzer 


X 

X 








4. Electron Temperature Probe 


X 

X 








ATMOSPHERE 








' 



1 . Atmosphere Structure Instrument 

X 

X 

X 








2. Multispectral Radiometer 

X 

X 

X 








3. Nephelometer with DTA 

X 

X 

X 








4, Neutral Mass Spec 

X 

X 

X 








5, Gas Chromatograph 

X 

X 

X 








6. Descent Imagery 


X 

X 








7. Doperler/W1nd (Stable Osc.) 

X 

X 

X 

5 Hrs 







SURFACE 








Class B & C- — »“ 

Class C 



1, Impact Accelerometer 


X 

X 








2. Composition (GCMS) 


X 

X 








3. Meteorology 


X 

X 








4. Surface Imaging 


X 

X 




• 




5. Passive Seismometer 



X 








6, Microscope 



X 








77. Precipitation Experiment 



.X 








o. Mctive wet Cnemistry 



X 





* 



9. Alpha-Backscatter 



X 







■ 

MISSION TIME (THIN ATMOSPHERE) MIN. 




10 

33 

■n 

BM 

90 



I MISSION TIME (THICK.ATMOSPHERE) MIN. 




10 

33 



90 




(1) 


NOTE: 


Descent to the 30 % probable surface location. 




class for instrument application is indicated by the check. The 
Class A probe does not obtain pre-entry science measurements or 
surface measurements while the Class B mission is complete after 
the initial surface period. The dashed lines indicate operation 
of the Class C science in the extended period required of this 
probe class. 

Table VI-2 summarizes the probe data t^quirements by mission 
operational ^phase for each, probe class in the thin and thick atmos- 
phere models, Jt was assumed that all probe designs required a 
10-minute warm-up and calibrate period with data storage. In 
addition, it requires a 5-hour period to warm up the stable oscil- 
lator, however, no data storage is required during that time, 

•Only the Class B and C probes have pre- entry science and *this data 
is stored for later transmission during descent. The worst case 
thin atmosphere pre-entry time. of 33 minutes was assumed the same 
for both the thin and thick atmosphere. The' differences in atmos- 
phere model composition and altitude profile resulted in smaller 
density scale heights for the thick atmosphere. The science data 
is transferred from the pre-entry module to the entry probe through 
the connecting cable and stored for later transmission. 

During the entry phase, the atmospheric structure -instrument 
data is stored, and also transmitted throughout entry and possible 
blackout in order to provide a signal using the stable oscillator ^ 
to gain additional information about the atmosphere. Both Doppler 
tracking data and signal degradation due to blackout can be obtained 
during this period. The entry science data is proportional to the 
entry time in each atmosphere model. This data as well as all 
previously stored calibration, pre- entry, and entry data are inter- 
leaved and transmitted to the orbiter during the descent period. 

The total bits shown in the descent phase include both, stored and 
newly measured science data. 

For the Class A probe designs, the communications link is 
designed by the descent data rate and range requirements. Since 
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Table VI- 2 Baseline Probe Data Requirements by Mission Operational Phase 


PROBE DESIGN 


WARM-UP 

CALIBRATE 

PRE-ENTRY 


DESCENT 

TOUCHDOWN 
INITIAL SURFACE 

EXTENDED 

SURFACE 

RE-ENCOUNTER 

THIN ATMOSPHERE, TIME. 

MIN 

' 10 

33 

.11 

25 

90 


C32 Days)' 

90 

Class A 
0 Total Bits 

Bits 

10,000 


15,345 

50',720, . 





0 Data Rate 

bps 

Store 


Store 

96(1) 

- 


- 


Class B 
0 Total Bits 

^its 

10,000 

72,000 

15,345 

2;kio^(^^ 

30 M 
4.1X10® 

60 M 
2.2X10® 



'0 Data Rate 

bps 

store 

Store 

store 


2,284 


- 


Class C 
0 Total Bits 

bits . 

10,000 

72,000 

‘ 15,345 

2.56x10® 

60 M 
4.6X10® 

30 M 
1 .1X10® 

14.2X10® 

14.2X10® 

0 Data Rate 

bps 

Store 

. Store' 

Store, 

1,722 

1,283 

600 

Store 

2,625 

THICK ATMOSPHERE. TIME, 

> MIN 

IHEHI 

'• 33 

' 8 

•• 283 . 

. 60' . 

30 

(32 Days) 

‘ 90 

Class A 
0 Total Bits 

" bits 

10,000 


1'2,960 

120,500^^L 





0 Data Rate 

bps 

store 

- . 

’ Store 

21 

. - 


- 

- 

Class B 
' 0 Total Bits 

bits 

10,000 • 

72,000 

12,960 

, 12.7X10®(^) 

4.1X10® 

1.1X10® 

• 


0 Data Rate 

bps 

Store 

Store 

S,tore 

750 ; 

1,142 

.600 

- 

- 

Class C 
0 Total Bits 

bits 

‘10,000 • 

72,0.00 

' 1?,960 

. 17.3X'106('^) 

4.6X10® 

1.1X10® 

14.2X10® 

14.2X10® 

0 Data Rate 

bps 

Store 

store 

Store 

1,018 ! 

1,283 

600 

Store 

2,625 

Class B to 10% Surface 
0 Total Bits*' 

bits ; 

10,000 

72,000 

12,960 

12.7X10®. 

5.2X10® 



0 Data Rate 

bps 

Store 

Store 

. Store 

750 ! 

96.0 


- 

- 


NOTES 

M \ ^ 

^ ^ Multiple playback of entry data 
Two descent images 

(3) 

Eleven descent Images 

' ( 4 ) 

Fifteen descent images 














the rate requirement was modest, the stored data was assumed to he 
retransmitted about four times, For the Class B probe in the thin 
atmosphere, a minimum of two descent images was required while in 
the thick atmosphere, sufficient descent time was available to 
obtain eleven or more Images, The data rate and communications 
range in the descent phase were balanced against those of the sur-^ 
face operation period in order to minimize the transmitter power 
requirements. In general, the surface operation requirements 
designed the system thus allowing additional imaging measurement 
during descent. 

The orbiter and probe link geometry and timing, Figures 'VI-1 
and VI-2, were adjusted for each probe design to minimize the 
range during the surface operation so that a high data rate could 
be used to transmit the bulk of the real time imaging and composi- 
tion data. The major portion of the surface data, 4x10^ bits, 
is made up from the three black and white filtered images which. 
constitute one color 360-degree panorama. 

The Class C probe designs also operate during an indefinite 
cycle of 32-day increments and all data must be stored during each 
period for transmission to the orbiter on its re-encouhter. During 
the re-encounter, -the orbiter is targeted to a relatively low flyby 
altitude so that a high data rate can be used to transmit the stored 
data. 

These data rates were used in conjunction with the orbiter /probe 
range profiles to determine the communications transmitter power 
requirements of Section VI C, 
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PROBE TELEMETRY SYSTEM 


The probe telemetry" system xs based on providing the KF power 
required to transmit at the required data rate over the worst-case 
range for each design condition. The seven designs are listed in 
Tables VI-3 and -4, The data rates for each design are based on 
both science instrument requirements and variations in descent 
times as discussed in Section VI B. The communications link 
geometry (range and aspect angles) used iti the design are shown 
for the thin and thick atmospheres in Figures VI— 1 and —2. The 
aspect angle is measured from the probe centerline to the orbiter. 
The radius of closest approach for the thick atmosphere was raised 
to 12.8 (Titan radii) compared to 6,1 for the thin atmosphere 
in order to maintain the or biter in view during the long probe 
descent time in the thick atmosphere. The relative timing between 
the probe and orbiter has been adjusted for each design case to 
balance and minimiEe the descent and surface transmission require- 
ments. 

Other performance parameters of the RF link are based on the 
Jupiter Galileo probe design. The baseline design for the JOP 
transmitter operates at 1400 MHz using phase modulation (BPSK) 
with a convolutional code compatible with a ,3-bit soft decision 
Viterbi decoder to provide code enhancement. 

The transmitter power required for each baseline design was 
calculated based on the guidelines discussed previously. The 
thick atmosphere requires the largest probe-to-orbiter communica- 
tion ranges and Class C thick with the highest data rate, requires 
the maximum transmitter power. An alternate trade^was also done 
for a Class B thick case, which descends to the 10% probable sur- 
face with a much increased descent time and communication range 
of 76,000 km. This design is discussed in Section V E. 

The communications link summary for the worst-case baseline 
design (C thick) is shown in Table VI-5. A 10-watt transmitter 
operating at 1400 MHz is required to operate with a 3 dB margin 
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Table VI-3 Conrounl cation Link Summary 


Design Case 

Data 
Rate 
■ (bps) 

Max. 

Range 

(km) 

RF 

Power 

(w) 

Margin 

(dB) 

‘ Thin Atmosphere 





A 

96 

17,000 

1.0 

13.7 

B 

2,284 

18,200 

2.5 

3.0 

C 

2,625 

18,400 

3.0 

3.0 

Thick Atmosphere 
(30?^ Probable Surface) 





A 

21 

55,000 

1.0 

20.1 

B 

750 

50,000 

6.0 

3.3 

B, Long Range 

962 

76,000 

20.0 

3.8 

C 

1,283 

49,000 

10.0 

3.3 


NOTES: 1. The worstTcase probe design from a data transmission 

standpoint is C thick. 

2. Design B thick, long range, is an alternate trade and 
was considered separately. 

3. The margin is over the RSS of the adverse tolerances. 
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Table VI-4 Titan Probe Telecommunication Subsystem 


ATMOSPHERE 




THIN 


THICK (30% SURFACE) 

THICK (10% SURF) 

PROBE CLASS 

A 

■ B 

C 

A 

B 

C 

B 

REQUIREMENTS 

0 DESIGN RANGE (KM) 

17,000 

18,200 

18,400 

55,000 

50,000 

49,000 

76,000 

0 MAX. BIT RATE (BPS) 

96 

2,284 

2,625 

21 

750 

1,283 

960 

0 OUTPUT POWER (W) 

1.0 

2.5 

3.0 

1.0 

6 

10 

20 


ASSUMED BEAMWIDTHS ; 

0 PROBE ANTENNA X « 70° (3 dB DOWN) 

o ORBITER ANTENNA X= 12.8° (3 dB DOWN) MUST BE POINTED IN SEVERAL INCREMENTS 


SYSTEM DESCRIPTION 

o BIT RATE DETERMINED BY SCIENCE SEQUENCE AND TRANSIJISSION TIME AVAILABLE 
o COMMUNICATION LINK WITH ORBITER ONLY 
o COMMAND LINK ONLY TO CLASS C PROBE (FROM ORBITER) 
o CLASS B PROBE TRANSMITS DATA TO ORBITER ON INITIAL ENCOUNTER 
o CLASS C PROBE TRANSMITS DATA TO ORBITER ONCE EVERY 32-DAY CYCLE 
o MICRO STRIP ANTENNA PROVIDES 70° BEAMWIDTH 




ASPECT ANGLE, A . DEGREE 


Figure VI-1 Communications Geometry - Thin (Methane) Atmosphere 
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Figure- VI- 2 Communications Geometry - Thick (Nitrogen) Atmosphere 








Table VI-5 Class C Probe/Lander, Thick Atmosphere Communications Link 

Summary, Reference Design 

Nominal Adverse 

Parameter (dB Except as Indicated) Value Tolerance 


1. 

Transmitter Power Out, dBm, 10 W 

40.0 

-0.3 

2, 

Line Loss ( 3-ft coaxial cable) 

-0.5 

-0.1 

3. 

Antenna Beamwidth 140^, Peak Gain 

4.4 

-0.1 

4. 

Pointing Loss @70^ Aspect Angle 

-3.0 

-0.2 

5. 

Space Loss, 49,000 km, 1400 MHz 

-189.4. 

-0.2 

6. 

Atmospheric Absorption at Surface 

-0.2 

0.0 

7. 

Fading Loss 

-0.1 

0.0 

8. 

Polarization Loss 

-0.3 

-0.1 

9. 

Receiving Antenna Beamwidth 12*8^, Peak Gain 

20.5 

-1.5 

10. 

Line Loss to Receiver (6"-ft Cable) 

-0.9 

0.0 

11. 

Pointing Loss 

-3.0 

• -0.4 

12. 

Net Circuit Loss (512-^11) 

17 2. -5 ’■ 

-1.6 

13. 

Received Power, dBm (1 + 12) 

132.5 

• -1.7 

14. 

System Noise Power Density; dBm/Hz 

Referred to Antenna, T = 380 + 100^ K 

' s — 

-172.8 

-I'.O 

15. 

Received Signal-tp-Noise Density, . dB-Hz (13-14) 

40.3 - 

-2.0 

16. 

Data Rate, 1283 bps 

31.1 

0.0 

17. 

Receiver System Losses, Noisy Phase Reference 
0.2 dB, Other 0.7 dB 

. -0.9 

-0.1 

18. 

Relay-to-DSN Loss 

-0.3 

0.0 

19. 

Net Received Bnergy per Data Bit, (15-16+17+18)8.0 

-2.0 

20. 

Required E,/N Modulation, Coding Assumed: 
BPSK, Convolutional/Viterbi, K = 7, R = 1/2 

3.0 

-0.2 

21. 

Margin Over Nominal (19-20) 

5.3 

2.0 

22. 

Margin Over Adverse Tolerances (21-21 Adv) 

3.3 



Conditions: 

1. Titan Probe worst-case conditions 

2. Orbiter Flyby, RCA = 37,325 km (12.8 R^) , Y= -30°, = 70 min. 

3. BPSK, Convolutional Code, K = 7, R = 1/2 

4. Viterbi Decoder, 3-Bit Soft Decision 

5. RMS all Adverse Tolerances 

6. Thick Atmosphere, 100% P = 7.5 bars, 30% surface probability. 
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over the sxim of adverse tolerances* The data rate is 1283 bps 
and the maximum slant range of 49000 km occurs at an aspect angle 
near the 3 dB point of the probe antenna* The thick, atmosphere^ 
model consisting of nitrogen gas at a pressure of 7.5 bars pre- 
sents microwave absorption levels similar to the Earth^s atmosphere. 
Absorption in the Earth atmosphere is primarily due to the pres- 
ence of water vapor which is not present on Titan so the attenua- 
tion of 0.2 dB is conservative in line 6 of Table VI-5. The thin 
atmosphere model which consists of 100% methane also presents neg- 
ligible RF absorption of the operating frequency. 

The probe antenna is a flat microstrip design 10 cm square and 
0.6 cm thick. The antenna '"is circularly polarized and has a beam- 
width of 140 degrees with a peak gain, on axis, of 4.4 dB. which 
produces a conical pattern. The maximum axial ratio is 3 dB at the 
3 dB bearawidth point. The thick atmosphere design does not have a 
parachute and the antenna is located on the centerline- of the rear 
portion of the probe. For the thin atmosphere design, two antennas 
are employed since a parachute is used* 'During descent, an antenna 
located parallel to the probe centerline and on the *aft edge is used 
for the relay link to the orbiter. After surface impact, the trans- 
mitter is switched by an impact switch to' a second identical antenna 
located on the aft centerline of the probe on top of the imaging 
mast. This antenna is fed by a coiled, flexible coaxial cable 
located in the mast. The receiving antenna is based on the JOP and 
has a beamwldth of 12,8 degrees with a peak, on-axis gain of 20.5 
dB as shown in line 9 of Table VI-5. Three dB pointing losses are 
assumed for both probe and orbiter antennas to account for the 
initial contact geometry and less than optimum alignment during 
descent. 

The approach geometry is such that Saturn is not in the back- 
ground of Titan during the mission and the only external sources 
of noise temperature are background cosmic noise and disk noise 
from Titan. A receiver noise figure of 3 dB is assumed for the 
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orbiter receiver at 1400 Mffz . The resulting system noise tem- 
perature is 380°K with, the major contributor being the noise 
figure of the receiver, A disk brightness temperature of 100°K 
was used for Titan and the orBiter antenna temperature for the 
dipole pattern is 50°K. An uncertainty of 100°K was included 
for contingencies. < 

The receiver system losses due to a noisy phase reference, 
other system losses, and modulation losses to the DSN from the 
orbiter are listed on lines 17 and 18 of Table VI-5* The 
required energy per data bit with coding is based on JOP 

which proposes a rate of 1/2, constraint length, K - 7, convolu- 
tional code with a 3-bit soft decision Viterbi decoder , This 
provides a 3*8 dB enhancement when used with BPSK modulation in 
a non-fading environment by reducing the e, /N from 6,8 dB to 
3.0 dB at the design point with a bit error rate of 10 This 
performance is based on simulations conducted at JPL for the 
Viterbi decoder. A convolutional code was chosen due to its 
simple encoding structure and the Viterbi algorithm is the base- 
line for future probe missions. 

The adverse tolerances account for uncertainties, variations 
in performance parameters, and other contingencies not specifi- 
cally known at this time. These tolerances add to the RF power 
required since a 3 dB margin must be maintained over the adverse 
tolerances for a conservative data link. Since all the adverse 
tolerances are not present simultaneously, the root sum square 
of 2 dB represents the mean adverse condition and was used to 
determine the weighted adverse tolerance » This is also consid- 
ered a conservative and realistic approach to handling these 

% 

random adversities. 

Solid state transmitters were selected for each design based 
upon standard available power levels with a minimum of 1 watt, 
as seen in Table VI- 3. Power conversion efficiencies vary from 
7% for the 1-watt unit to 20% for the 10- and 20-watt unit. The 
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afficiency is mainly a function of packaging, thermal .control, 
and heat sink size ‘and is higher* for the higher power levels 
where the enclosure size is larger. The baseline design (C 
thick) requires 10 watts of KP power at '1400-lIHz with an effi^ 
ciency of 20% and provides 3-3 dB of design margin,. Margins 
for other designs are a minimum of 3 dB as shown in Table VI-Sv 
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DATA HAKDLI155G SYSTEM 


1* Design Requirements The data handling system for the 
Titan probe is active at some level from the time of separation 
from the orbiter through coast, pre-entry, entry, descent, and 
surface operation. Its general functions include the following: 

, a. Pre-separatipn checkout through the orbiter interface. 

b, At separation, provide a timer for probe activation 
prior to entry. 

c« At probe activation, provide sequences for science 
instrument warm-up and calibrate. Store calibration 
data. 

d« Provide sequencing of pre-entry science through umbil- 
ical to module and store returning data. (Class B 
and C only) 

e. At deceleration signal, activate pre-entry module 
jettison sequence. 

f. Provide sequencing and data storage of entry science 
mea s ur emeu t s . 

g. At deceleration and/or timer signal, sequence pyros 
for parachute release, nose cap release, and instru- 
ment deployment functions. (Parachute in thin atmos- 
phere only.) 

h. Provide sequencing of descent science measurements 
and interleave stored data with real time data for 
transmission to orbiter. 

i. At altitude of 100 ra, radar signals release of 

parachute. ^ 

j . After surface touchdown, provide deployment and 
sequencing of surface science, and control of data 
in or out of buffers and large scale data storage 
as required by each probe class. 
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The' data storage req^ujreiaents vary with probe class and for the 
Class A probe, the small data memory in the data handling system 
unit is sufficients 

For the Class B probe, storage 'of a CCD camera image is required 
and this can be handled by a buffer device called an analog delay 
line . 

For the Class C probe a more extensive data recording capability 
is required to handle the large amount of data taken during the 32- 
day surface operations. 

These data buffer or storage requirements are as follows: 

Probe Class ,, Maximum Storage (bits) 



Entry 

Surface 

A 

25,000 

- 

B 

97,000 ■ 

1.08 X 10^ 

C 

97,000 

■ 14.2 X- 10^ 


2. Data Handling System Design - The basic data system pro- 
cessor for all three probe classes^ is summarized in Figure. VI-3 ^ 

The processor characteristics were based on a preliminary design 
which was done by Hughes Aircraft Company for' the Galileo Jupiter 
atmospheric entry probe. The memory ‘ capacity has been slightly 
increased from the original design to- meet 'the Titan probe require- 
ments. The programmable format would be valuable in modifying the 
descent sequence based on atmosphere definition update during the 
preliminary Titan flyby sequences. At least two flyby encounters 
by the orbiter are planned in the baseline mission prior to the 
Titan probe release. 

3. Data Storage Concepts - There are three levels of data 

storage required in the Titan probe system designs depending on 
probe class. As shown above, the entry data storage requirements 
for all probe classes are minimal (ie: 25K-97K) and can easily 
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Figure VI-3 Titan Probe.- Data Handling and Command Subsystem 


0 DATA PROCESSOR 


- (Class A - 60K, Class B,C - 135K) Memory (Control, Data Storage, Format, 
Sequence, Scratch Pad) 

I 

- (Class A - 25K, Class B,C - 97K) Bits of Storage in Memory 

- Fixed and Programmable Formats 

- Fixed or Programmable Descent Sequence 

- 254 Available Command Channels (from Orbiter) 

- 96 Discrete Command Lines (from Sequencer) 

- 79 Output Commands (from DHCS) 

- 6.2 KG; 6556 CM^; 6 Watts 



be accoinraodated by the memory chips in tlie data processor. These 
,chips are nominally CMOS technology. The Class B probe requires 
buffer storage of one CCD camera image, the last image in the des- 
■cent sequence. All previous images are buffered temporarily and 
then- transmitted' during descent at a data rate compatible with the 
telemetry system. The last image is taken just before touchdown 
"and is stored for later transmission from the surface. A CCD 
-.analog delay line device is used for this application. 


For the Class C probe, there is a requirement for large scale 
4ata storage (ie: 14.2 x 10^ bits) over a 32-day period. Nonvo- 

latile memories are available in both bubble and magnetic tape 
while low power CMOS and CCD memories are also reasonable. The 
state of the art in bubble, CCD, and CMOS memories indicates that 
all three approaches are viable candidates for the 1987 mission. 

O 

The standard NASA tape recorder at 10 bits is a very compact, 
low power unit. However, it has been dropped from consideration 
because of its relatively poor reliability for use in a long, life 
(8 year) mission. For comparison, the NASA standard tape-recorder 
has the following characteristics: 


o Capacity 
o Mass 
o Volume 
o Power 


5 X 10®' bits 
6.3 .kg 
6077 cm® 

10 watts record 
15 watts playback 


The four storage concepts are compared, in Figure VI-4 and 
commercial, non aerospace .qualified bubble and* CCD memory units 
are shown in the inset. The CCD memory can be used in a unique 
way with the CCD imaging camera. They are both analog devices 
and the memory can store the image pixel as an analog voltage 
before conversion to a digital data stream. The result is that 
the analog storage requirement' for a 10® bit image is only about 
1/12 or 90,000 analog data bits. 
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Figure VI-4 Data Storage S urnma ry 


REQUIREMENTS: 

Class B Probe: 10® Bits for Descent Imagery 

Class C Probe: 14.2 x 10® Bits over 32-day Period for Surface Science 


CANDIDATE STORAGE DEVICE 

ACTUAL OR ESTIMATED 

MASS 

(kg) 

VOLUME 

(cm3) 

POWER 

(w) 

TOTAL 

BITS 

1. CCD 

0.1 

^ 75 

6.7 

10® 

2. Bubble Memory 

-^10 

^ 7,200 

^ 20 

14 X 107 

3. CMOS 

^10 

z-' 10,000 

5.5 

14 X 10^ 

4. Magnetic Tape (NASA STD.) 

6.3 

6,080 

15 

5 X 10® 
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Table IV-2 Direct Versus Out-of-Orbit Entry 


• 

OUT-OF- 

SATURN 

DIRECT 



ORBIT 

ORBIT 

SYSTEM IMPACT 

ENTRY VELOCITY, KM/ SEC 

■ 4.55 

10.4 

— 

HEAT RATES, q— BTU/FT^ 

17.5 

215 1 

> 5X HEATSHIELD 

TOTAL HEAT, Q— BTU 

2,513 

17,028 1 

I 

DYNAMIC PRESSURE MAX.--PSF 

60 

328 

1.7X AEROSHELL 

DYNAMIC PRESSURE, STAGE- -PSF 

3.6 

4.1 

1.14X PARACHUTE 

COMMUNICATION RANGE-- RjjIRECT 

^ORBIT 

1.0 

. GREATER 

1.5X RqRBIT 






Figure VI-5 CCD Imaging and Data Buffer Schematic- 




system was delivered to NASA Langley in the' summer af 1978 .hy 

* 

Rockwell International and its characteristics are summarized in 

Figure VI-6. The power' requireme^ is high for a very high data 

1 

input /output rate; however, at lower rates of aBbut 2000 bps the 

power requirement s ‘ atre compaxaBl'e to otfier memory systems at less 

' ' ' 

than 20 W. Flight quality buBBie memory systems are predicted by 
1980. 

A CMOS semiconductor mass storage system was also consid— 
ered. The mass storage system contains 10^ bits. Since semicon- 
ductors are a volatile storage, medium (ie: the contents are lost 

when power is removed) and it is desired to have very low power 
consumption, only CMOS devices were examined. CMOS is noted for 
its very low power consumption while in standby mode and for its 
fast read /write cycle times'., ..The last characteristic is not 
important in this application however since the data transfer 

o 

rate is a very modest 5 x 10 bits per second. 

Two contemporary CMOS devices were evaluated: the Harris 

HM-6508 and the American Microsystems, Inc. S5101L-1. The Harris 
device is a radiation hardened high reliability device of the 
type in most spacecraft systems. The S5101L-1 is representative 
of CMOS RAMS commercially available. The characteristics of the 
■two devices just mentioned are shown in Table Vl-6. The HM-6508 
.requires 100 pA at 5 volts for, 103 bits. ' The power 'censumption 
for a 10^ bit system would therefore be about 5 watts in standby 
mode. If it is assumed that a maximum of 32 x 10^' bits are in 
operating mode at any one time then the previous number must be- 
incremented by .624 W for a total power consumption of 5.624 
watts. ^ 

Similar analysis of a system based on the S5101L-1 shows 
a total power consumption of 3.7 watts. 

Both the HM-7508 and S5101L-1 are available as Dual 
In-line Packages. Space requirements for the HM-6508, are about 
40,000 cm^. 
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Figure VI-6 Magnetic Bubble Memory Technology 

NASA-IANGLEY SPACECRAFT DATA RECORDER 

STORAGE -- 10® BITS 

WEIGHT -- 21 Kg 

SIZE -- 32,4 X 32.3 x 13,5 cm 

VOLUME -- 14,102 CC 

MANUFACTURER — ROCKWELL 

FEATURES -- 

- NONVOLATILE 

- SERIAL ACCESS (RELATIVELY LONG TIME) 

- DEVELOPING PARALLEL ACCESS 

- FLIGHT QUALITY BY 1980 


I/O DATA RATE (BPS) 


lOM 





Table VI-6 CMOS RAM Characteristics 


•Device 

HM-6508 

S5101L-1 

; Technology Base 

CMOS 

CMOS. 

•Type 

Stati.c 

Static 

Organization 

1054 X 1 

256 X 4 

No. Chips Required 

io4 

10^ 

■ Size/DIP 

3/4" X 1/3" 

1" X 1/3" 

Operating Power (,vA) 

4000 

22000 

Standby Power (pA) 

100 

10 

Access Time (NS) 

250. 

450 

R/W Cycle Time (,NS) , 

350 ' 

450 •; . 

Chips/4K Bytes 

32 

32 


Space requirements for the S5101L-1 are 82,000 cm^. The 
above calculations do not include power or space requirements 
for the drive electronics, cooling or shielding* It should also be 
noted that other packaging techniques, though not as standard as 
DIPS, are available. These include hybrid fabrication in which 
there is* more than one chip per DIP and Hermetic Chip Carriers. 
These techniques “could reduce the total system size by a factor 
of 3 to 6. 
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E. POWER AND PYRO 

1, Design Requirements and Alt gtrnat Ives The Titan proBe 
power system design is greatly influenced by the selection, of 
Titan atmospheric model and probe class, both resulting in dif*- 
ferent life, stored energy and power requirements^ In general, 
remotely activated silver zinc batteries have been selected as 
the primary energy source for both Class A and B probes for the 
thick and thin atmosphere ttio dels • For Class C probes, remotely 
activated silver ^zihc secondary batteries have been selected for 
both atmospheric models to provide energy for a mtnimiim of three 
encounters '^^d:th the orbiter. A small ^ high performance selenide 
radioisotope fueled thermoelectric generator CRTG) is proyided 
to recharge the batteries slowly between re-encoiinters with the 
orb iter and the concomitant data dump* While the probe is attached 
to the orbiter; all housekeeping power is assumed to be supplied 
by the orbiter. For Class C probes, the RTG will be operated in 
a short circuit mode until immediately prior to probe separation, 
utilizing the waste heat generated for thermal control as required - 

Mission and Envivonment - Key "requirements identified during 

\' 

the study include: 

• 7 -year ■'cruise life * - • 

9 Sterilization, no contamination 

e Landing shocks (nominally 300 g) * ' ' 

m Thermal integration for a low temperature environment 
(150^K at 30% surface for thick atmosphere model; 78?K 
for thin atmosphere model) 

• High peak/average power ratios 

• Re-encounter transmission power (Class B, C probes) 

•. Short active mission life (11 to 107+ days) 

• Low Weight and volume 

Of these, probably the most significant requirements are the combi- 
nations of 7-year cruise life, high peak/average power, no contami- 
nation, and short active life. These requirements limit potential 
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power system component choices. Sterilization has been demon- 
strated only for a few battery systems (Zn-AgO, NiCd, and possibly 
a lithium battery). High landing shocks, thermal design and inte- 
gration, and low weight and volume requirements are expected to 
represent moderate design constraints. 

Pyro Funct'tons - The following pyro functions have been iden- 
tified for the three probe classes; 

a. Probe Activation - The silver-zinc batteries require 
remote activation. Also, the pre-entry module must 
be jettisoned after observation of the upper atmos- 
phere science. Total initiators = 5. 

b. , Probe Entry/Descent - During descent the parachute 

must be deployed, the nose cap jettisoned, the para- 
chute and aft .cover must be staged, and the nephelom- 
eter released. The Neutral Mass Spectrometer and 
Gas Chromatograph valves must be opened/closed. 

Total initiators == 18. 

c. Probe Landed Operations - After landing, the equipment 
mast is released, the drill is released, the seis- 
mometer is uncaged. Total initiators = 6. 

d. Each class of probe requires different quantities 
of pyro initiators based on the number of science 
activities for each probe type; 

2. Design Approach - Design emphasis was placed upon identi- 
fying systems which met the probe power requirements, while also 
satisfying the contamination, 7-year cruise life, high peak-to— 
average power, short active life, minimum weight and small volume 
requirements. Power sources considered were primary batteries, 
secondary batteries, radioisotope fueled generators, fuel cells, 
ram air generators, and auxiliary power units. Of these, fuel 
cells and auxiliary power units evolve exhaust products which 
may Interact with and/or contaminate the scientific experiments 
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or environment- For commonality of approach to all probe applica- 
tions, ram air generators were disregarded since they could only 
supply power during entry and descent. 

The 7-year cruise life requirement is severe for Battery systems 
unless degradation can he limited by storage at low temperatures, 
by using remote activation, and/or by using battery systems with 
low inherent degradation. Of the high energy density batteries, 
lithium systems have the potential for sterilization while retain- 
ing their low degradation characteristics during wet -stand. Her- 
metically sealed NiCd, MH 2 , AgH 2 » and remotely activated Zn-AgO 
battery systems also appear capable of meeting these requirements 
with appropriate conspi derat ion for degradation. 

For probe applications, battery systems are energy limited, 
while radioisotope fueled generators are power limited, ETGs and 
lithium batteries (which have a low discharge rate) when sized for 
minimum weight to meet the probe energy requirements, may not reli-- 
ably meet the peak power required. For the longer duration Class 
C probes, RTGs may be combined with secondary batteries to provide 
both high power and high energy capability in a lightweight system. 
For the shorter duration Class A and B probes, both the power and 
energy requirements may be met with high energy density primary 
batteries for a lightweight, least cost configuration. Redundancy 
may be provided in the energy storage system by requiring that the 
mission capability remain after one battery failure. The RTG is 
assumed to be internally redundant. 

The requirement to survive landing shocks of 300 g is much more 
severe than current specifications for spacecraft RTGs and remote 
activation systems for batteries. While achieving this shock capa— 
bility is believed feasible, some additional development of these 
devices will be required. Lithium primary battery systems could 
avoid the necessity to develop either of these devices, however, 
their life and degradation characteristics for such long periods 
have not been firmly established. ' Some lithium battery designs^ 
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develop degradation limiting, passivating layers on the plates 
while others do not. 

Martin Marietta has had extensive experience with silver zinc 
(Zn-AgO) batteries, both. in. design and application, for long life 
primary. and secondary battery applications, with and without remote 
activation. Under .NASA contract Martin Marietta has demonstrated 
over 100 cycles with sterilize^d Zn-AgO cells, Martin ^rietta has 
also developed the coded switch batteries used on USAP Titan mis- 
siles. These a.re 4 A-Hr Zn-AgO secondary batteries which have 
demonstrated greater than four year wet stand life under float 
charge -conditions . • 

Coupres such as l^fxckel Hydrogen, Silver -Hydrogen,, -ZjSic. Oxygen 
and other metal, air systems ha.ve high energy density at the expense 
of high cost and lack of historical , performance data. These sys- 
tems are not- readily available and .certainly not standard. Lithium 
batteries, however, are currently being used on the Galileo space- 
craft program and* on Shuttle solid rocket boosters and will be 
qualified in time for use by the Titan probe. ^ _ 

Our investigation identifies .only one power source that can 
definitely meet all the requirements of the probe missions, that 
has historical data to demonstrate reliability and accurately esti- 
mate cost, and although* uniquely designed for this program, \uses » 
existing standard design approaches, processes and materials. This 
power source is the- remotely activated Zinc Silver Oxide battery 
modified to survive a minimum of 107 days wet stand after the dry 
charge cruise period. 

Consider for example a comparison of the NiCd and, the remote > 
Zn-AgO battery systems. Certainly substantial ^ historical data 
exists for both sources, they are available at ^ reasonable cost and 
are reliable. However, the following should be considered: 
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1, Typically NiCd batteries are less than 8 Whr/lb packaged as 
new, With^ degradation allowances for cruise and open circuit 
stand this energy density could reduce to 6 Whr/lb. 

2. Recharge and conditioning of the NiCd battery requires addi- 
tional electronics and more interface between spacecraft and 
probe, thus increasing weight, cost and complexity.^ 

3* Typically "Off-the-shelf” remote activated zinc silver oxide 
batteries with 6-hour wet life are 5 to 15 Whr/lb. These' 
batteries can be designed up to. the 30 Whr/lb energy density 
desired but the effort and -cost, would be equivalent to a new 
design effort. 

4. Remote activated Zn-AgO batteries with 30 Whr/lb energy density 
and greater than 107 day wet life are feasible for the 1985- 
1987 time frame. Preliminary design concepts of these batter- 
ies have been previously proposed to Ames Research Center by 
Martin Marietta Corporation. The increased energy density - 
available is largely the result of an improved remote activa- 
tion device design. 

The activation mechanism is essentially an electrolyte storage 
device that tran sfer s electrolyte to the cells upon receipt of a dis-i 
Crete signal. Two major components are required to fulfill this func- 
tion, the electrolyte reservoir and the energy device necessary to 
achieve transfer. , • , 

1 

Selection of the energy device and activation mechanism is some- 
what dependent on the requirements of the vehicle system. Energy 
devices can range from high pressure storage containers, solenoid 

initiators, set back shock as in shell fuses, high deceleration of the 

( 

battery, heat expansion devices and electrically ignited gas generators. 
In keeping with the philosophy of optimizing energy density the latter 
device was chosen for' the Titan probe design. 

As with the energy devices, the electrolyte reservoir designs that 
have been used are many and varied. The most commonly used designs are 
the low cost tubular reservoir and the pis ton/ cylinder combination. 
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Both types are extremely reliable but at the expense of weight and 
volume. The Martin Marietta design utilizes reservoirs that are 
Tninimum weight and volume. 

Lithium batteries appear as viable alternate candidates for the 
Class A and B probes « Their degradation characteristics appear to be 
predictable and test programs are in progress at NASA-AE.C (Galileo pro- 
gram) to characterize their long term performance. Estimated degrada- 
tion is 2h% per year. Because of their high internal impedance, dis- 
charge rates are limited to the range C/5 to C/3 with pulse capability 
to approximately 1.5 C. Voltage> regulation for a 13-cell module is 
39 to 25 volts requiring a regulator for equipment with more stringent 
input requirements, Lithium batteries are not viable for Class C 
probes, where the long life and recharging requirements necessitate use 
of secondary batteries. 

The RTGs ►proposed use selenide thermoelectric s currently in advanced 
development and are assumed to be 11% efficient .with a specific power 
of 3.5 W/lh. The fuel is PU O 2 . Over the 7-year cruise life, the 
fuel, -insulation and thermoelectric power degradation combined are - 
expected to be 13%. To minimize thermal cycling, the' RTG is operated 
at the maximum power point continuously with a full shunt regulator. 

The RTG has a dc/dc converter to boost the output voltage to approxi- 
mately 37 volts for input to the shunt regulator and battery chargers. 
The chargers are of the highly efficient linear charge current control 
design which operate by sensing loads, battery state of charge, and 
shunt regulator state to operate near saturation of the step-down 
regulator stages. Special consideration in the design of the RTG is 
required to meet the 300 g landing shocks. Contemporary RTG designs 
normally are specified to less than *50 ^ (The Viking Lander Capsule 
landing shock was 17 g.) 

3* Power Subsystem Designs r The baseline power system design 
for all probe classes uses the 30 Whr/lb remotely actiyated, 19 cell, 
Zn-AgO batteries for energy storage. Because of their long life. 

Class G probes and the 32-day extended mission Class B probes use a 
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small RTG to recharge the batteries between encounters with the 
Saturn orbit er for data relay; Schematic block diagrams* of the 
power system concepts- are shoxm in figure Activation of the 

batteries (and verification of activation) requires' a minimum of six 
hours and is performed while the probes are still attached to the 
orb iter* Similarly, all probe power is assumed to be supplied by 
the prbiter until after probe separation* The’ systems* will be 
designed to provide full mission power and energy after one battery 
has failed. 

The dry charged Zn-^AgO batteries were assumed to be temperature 
controlled in the range -lO^C to O^C during the cruise portion of 
the mission to minimize' degradation* Under these conditions, the 
actual cell capacity should degrade less than 7% in 7 years. The 
nameplate .capacity ,(pf ^dieted capacity of the battery after sterili- 
zation) has been reduced by a factor of 0-88 to account for the capa— 
city distribution effects of manufacturing tolerances and steriliza- 
tion. The final factor necessary for sizing the batteries, given 
the load profile, is the allowable depth of discharge (UOD) • for 
primary battery applications the maximum allowable DOD was assumed 
to be 85%, while for secondary battery applications, a maximum 50% 

DOD was assumed. 

Table VI-7 summarizes- the load requirements and mission life for 
the eight missions identified as options. The required minimum system 
battery capacity in watt-hours has been found by adding 4% distribu- 
tion losses plus 15% design margin to the load energy, then compen^ 
sating for the battery design, degradation, and utilization factors 
discussed above* In the secondary battery applications, the batteries 
were sized to meet the more stringent requirement imposed by the entry, 
landing, and initial surface operating conditions. 

If lithium batteries are used for Class A and B‘ probes, total 
capacity degradation of 17% would be expected during the 7-year 
cruise. To avoid end of discharge mismatch of cells, lithium 
batteries should not be discharged to greater than 80% DOD. In 
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Figure VI~7 Electrical Power Subsystem Design Factors 


cr 


ORB ITER 
SPACECRAFT 


PROBE (CLASS A, B) 



28V 

LOADS 
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‘LOADS 


BATTERY DEGRADATION/SIZING FACTORS 


/ ORBITER 

( 1 SPACECRAFT 


PROBE (CLASS C) 



RTG DEGRADATION (FUEL & THERMDELECTRICS) 
BATTERY DEGRADATION/SIZING FACTORS 


.87 


o MANUFACTURING TOLERANCE .88 

o DRY STORAGE LOSS 

(7 YEARS AT 30°F) .93 


o MAX DEPTH OF DISCHARGE 
DISTRIBUTION LOSS 
DESIGN LOAD MARGIN 
BATTERY ENERGY DENSITY 


.85 

47. 

157. 

30 W HRB/LB 


o MANUFACTURING TOLERANCE • .88 

o DRY STORAGE LOSS (7 YEARS AT 30°F) .93 

o WET STAND LOSS .92 

o MAX DEPTH -OF DISCHARGE .50 

DISTRIBUTION LOSS 4% 

DESIGN LOAD MARGIN 157, 

BATTERY ENERGY DENSITY ’ 30 W HRS /LB 
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Table VI-7 Electrical Power Subsystem Summary 


ATMOSPHERE 




THIN 



THICK 

(30% SURPACE) 


THICK 

(10% SURFACE) 

PROBE CLASS 

A 

B 


C 

A 

B 

C 

B 

32-DAY EXTENDED 

B 

REQUIREMENTS 
ENERGY (W-HRS) 

95 

263 

322 

404 

812 

938 

812 

1456 

PEAK POWER (W) 

73 

103 

127 

73 

125 

127 

125 

175 

ACTIVE MISSION 
DURATION (DAYS) 

11 

11 

107 

11 

11 

107 

43 

12 

IMPLEMENTATION 










BATTERY TYPE* 

Zn-AgO 

Zn-AgO 

Zn-AgC 

Jn-AgO 

Zn-AgC 

Zn-AgO 

Zn-AgO 

Zn-AgO 

REQUIRED TOTAL 
CAPACITY (W-HRS) 

162 

451 

552 

693 

1392 

1608 

1392 

2495 

RIG POWER (BOL) (W) 

- 

- 


25 

- 

- 

25 

12 

- 

EPS WEIGHT (KG) 
(INCLUDES 
BATTERIES, PCDA, 

i 

17 

29 


41 

25 

44 

57 

46 

67 

ORDNANCE CONTROL 
ASSEMBLY, RTG) 









- 


*BATTERIES REMOTELY ACTIVATED 




addition, under some circumstances, battery capacity must he increased 
to maintain the peak discharge rate at less than C/3. Table TI-8 
shows that a Class A probe in a thin atmosphere has this requirement. 
If an energy density of 200 Whrs/lb is assumed for the lithium bat- 
teries* and a discharge regulator is incorporated into the PCDA, 
the EPS weights given in Table yi-8 are slightly less than those for 
the Zn-AgO systems of Table 71-7 . 


VI- 3 4 



VI-35 


Table VI-8 Lithium Battery System Characteristics 


ATMOSPHERE 


THIN THICK 


PROBE CLASS 

A - 

B 

A 

B 

REQUIREMENTS 





Energy (W-Ers) 

95 

263 

404 

812 

Peak Power (W) 

73 

103 

73 

125 

Active Mission Duration 
(Days) 

11 

11 

• .11 

11 

IMPLEMENTATION 





Battery Type (Primary) 

Lithium 

Lithium 

Lithium 

Lithium 

Required Total Energy 
Capacity (W-Hrs) 

170 

471 

724 

1455 

Capacity Required ' for 
C/3 Peak Discharge 
Rate (W-Hrs) 

261 

367 ' 

261 

446 

EPS Weight (kg) 

(Includes Batteries, 
PCDA, and Ordnance 
Control Assembly) 

17 

26 

19 

41 



F . THERMAL CONTROL 

1. Desifin Requirements — The thermal control design require- 
ments are a function of probe class and atmospheric -model with the 
Class C probe mission being the most se-vere conditions. The probe 
mission phases are briefly summarized as follows: 


Probe Class 

Mission Phase 



Launch, Cruise 

Coast, Entry, Initial 

Descent Surface 

32-Day 

Surface 

A 

X 


B 

X X 


C 

X ■ X . 

X 


The Titan atmosphere thermal environment is shown in Figures 
JII-1 and III-2 of Section III F in terms of temperature versus 
altitude for the thin methane and thick nitrogen atmospheres. 

The steady state thermal losses from a probe on the surface of 
Titan were calculated for various conditions and the results are 
presented in Figures VI-8, -9 and -10. These calculations were 
based on a compartment temperature of 278 °K (40°F) using an FA 
fiberglass and show the effect of compartment surface area and 
insulation thickness on thermal heat loss. 

2. Design Approach - The overall design approach for the 
thermal control system is summarized in Table VI-9 for each probe 
class. During the launch and cruise phases the probe thermal 
environment can be maintained through use of spacecraft support. 
During the post separated coast, entry and descent phases some 
additional internal heat source such as an isotope heater is 
required. For the extended surface operation, additional heat 
is also required in the form of isotope heaters and/or RTGs. 

For the Class B and C probes, a coolant loop to a base cover 
radiator is required in some cases during cruise and coast to 
dump excess isotope heater or RTG waste heat. 
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Figure VI-8 Steady State Thermal Loss at Surface - Thin Methane 
Atmosphere 
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Figure VI-9 Steady State Thermal Loss on SuVface - Thick Nitrogen 
Atmosphere, 60% Probable Surface 
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Figure VI-10 Steady State Thermal Loss on Surface - Thick Nitrogen 
Atmosphere, 10% Probable Surface 


VI-39 


10/27/78 









VI-40 


Table VI -9 Thermal Control Design Approach 




PROBE CLASS 


MISSION PHASE 

A 

B , 

C , 

Pre-Launch 

0 Cooling - Ground 
Coolant Loop 

6 Cooling - Ground 
Coolant Loop 

0 Cooling - Ground Coolant 
Loop 

Cruise 

0 Warming - Isotope 
Heaters Plus 
Spacecraft Power 

0 Cooling - Heat- Pipes 
Reject Isotope Heater 
Load to Probe or 
Spacecraft Radiator 

0 Cooling - Heat Pipes R 
Reject RTG Load to Probe 
or Spacecraft Radiator 

Coast 

0 Warming - Isotope 
Heaters 

0 Cooling - Heat Pipes 
Reject Isotope Heater 
Load to Probe or 
Spacecraft Radiator 

0 Cooling- Heat Pipes 
Reject RTG Load to Probe 
Base Cover Radiator 

Descent/ 
Surface '• 

0 Warming - Isotope 
Heaters Plus 
Electronic Waste 

0 Warming - Isotope 
Heaters, Electronic 
.Waste Heat 

0 Warming - RTG Waste Heat, 
Electronic -Waste Heat 

1 




Figure VI-11 presents a typical entry and descent time history 
of the probe compartment temperature for a 7*6 cm insulation thick- 
ness. This case assumed that the compartment was preheated to 
306^K (90*^F) and internal heat consisted of electrical dissipation 
and thermal capacity of the equipment only* This temperature at 
end-of-mission (EOM) is acceptable however , the final designs for 
the Class B probe have the addition of a few isotope heaters to 
stabilize the temperature on the surface. . . \ 

a- Titan Frobe Thermal Control Concepts for Surface 
Operation - Maintaining the probe interior within operational limits 
on the Titan surface will require an energy source. Candidates 

's 

are: 

-1/ Radioisotope heaters, 

2. Waste heat from a Radioisotope Thermal Electric* 
Generator (RTG) , 

3. Battery powered electric heaters, and 

4. Chemical heat source. 

The mission duration (~32 ^ays minimum, on Titan surface) 
coupled with the need for electric power for probe operation make 
2. or a combination of 1. and 2. the irfost viable option. Param- 
etric studies performed to date show that, approximately 200 watts 
of thermal energy will maintain the probe at 40^F on the Titan 
surface (worst case methane atmosphere) . This can be obtained from 
an RTG that provides approximately 20 watts eledtrical. The RTG 
weight will be on the order of 7 to 9 kg. ^ 

i 

Once a radioisotope heat source has been selected, a pre- 
liminary set of basic requirements for the TCS can be written. 

TCS Requirements 

I. Pre-Launch 

1. Maintain probe temperature within storage limits while 
rejecting approximately 250 watts thermal to ground’ 
cooling system. 

2. Provide means for pre- launch checkout of TCS. 
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Figure VI- 11 Probe Compartment Temperature Versus Time 



II. 


Cruise Phase 

, • 1 
1. Maintain probe interior within storage temperature limits 

while rejecting 200 to 250 watts thermal to space. 

III. Maintain probe interior within operating temperature limits 
during terminal 'cruise phase while rejecting approximately 
2Q0 watts thermal to space. Probe is separated from space- 
craft. 

IV. Maintain probe interior within' operating temperature limits 
during descent and landed phases while rejecting approxi-^* 
mately 200 watts thermal to Titan environment. 

Candidate designs are summarized* in Table VI-10 and dis- 
cussed below: : ' . . 

o Movdbte BTG - Under this concept, the RTG would be 

located external to the probe during pre-launch, cruise 
and pre^entry. Just prior to entry, the RTG would be 
transferred mechanically to the probe interior through 
a hole that would be mechanically closed with an insu- 
lated door or plug. RTG heat rejection would be pas- 
sive, through radiation and conduction, prior to entry. 

Brobe insulation would be sized for the Titan atmos- 
phere determined from Pioneer and Voyager information. 

-Given present knowledge, it would be necessary to 
insulate the probe for the thin methane atmosphere 
and mechanically sx*7ing away some insulation- should 
the relatively warm heavy nitrogen atmosphere be ; 
encountered. 

o Heat Pipe System - Under this concept, the RTG would 
be located inside the probe and would reject its heat 
through a series of parallel path heat pipes connected ' 
to spacecraft and probe-mounted radiators. Prior to 
probe separation, the heat pipes to the spacecraft 
radiator would be vented and cut with ordnance devices. 

Probe insulation configuration x^ould be similar to 
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Table VI-10 Thermal ‘Control 


TRADE-OFF MATRIX 


CONCEPT 

ADVANTAGES 

DISADVANTAGES 

I. MOVABLE RTG 

1. NO BASIC PROBLEM WITH 7 -YEAR 

MISSION DURATION. 

1 

2. QUALIFICATION TESTING STRAIGHT- 
FORWARD. 

1. RELATIVELY COMPLEX MECHANICAL DESIGN. 

2. LIMITED TOLERANCE TO UNANTICIPATED TITAN 
ENVIRONMENT CONDITIONS. 

3. NO ACTIVE HEAT REJECTION PATH FOR INDI- 
VIDUAL PROBE COMPONENTS. 

II. HEAT PIPE 

SYSTEM 

1. NO MOVING PARTS OTHER THAN 
ORDNANCE. ‘ 

. 2. PROBE INSULATION SHELL ARRIVES 

"AS BUILT" ON TITAN. 

. 3. HISTORICAL BACKUP. HEAT PIPES 

NOW HAVE 3- TO 4-YEAR CONTIN- 
UOUS OPERATION HISTORY ON ATS. 

4. REDUNDANCY EASILY PROVIDED. • 

5. MINIMAL QUALIFICATION TESTING. 

•1. LIMITED TOLERANCE TO UNANTICIPATED TITAN 
ENVIRONMENT EXTREMES. (MUST HAVE ATMOSPHERE 
DEFINITION OR VARIABLE INSULATION.) 

2. ULTRA-CLEAN ASSEMBLY REQUIRED FOR LONG 
LIFE HEAT PIPES. 

3. CONFIGURATION MUST BE CONSTRAINED TO PRO- 
VIDE OPERATION AT 1 g (PRELAUNCH) . 

4. PROBE COMPONENTS MUST OPERATE WITHOUT 
INDIVIDUAL HEAT REJECTION PATHS AFTER 
LANDING. 

III* ACTIVE 

COOLING LOOP 

1 

1. PRECISE TEMPERATURE CONTROL 
FOR ALL PHASES. 

2. INDIVIDUAL HEAT REJECTION PATH 
• FOR ANY COMPONENT CAN BE 

EASILY PROVIDED. 

1. QUESTIONABLE RELIABILITY' OVER MIS SION.. LIFE. 

-2. DIFFICULT TO ESTABLISH QUALIFICATION 
TEST CRITERIA. 

3. REQUIRES POWER. ’ 

4. -REDUNDANCY -OBTAINABLE ONLY WITH A WEIGHT/ 
VOLUME PENALTY (EXTRA PUMPS). 











the Movable RTG concept. The heat pipes to the probe~ 
mounted radiator would he required only during pre-~ 
entry. They would be designed for zero'-g operation 
only and would automatically turn off uponencounter-^ 
ing atmosphere. ■ . 

o Active Cooling Loop This concept .is similar to the 
Heat Pipe System concept , except- that- pump driven 
cooling loops would replace the heat pipes for heat 
rejection during all mission phases, including post-, 
landing. The loop connecting tbie probe interior, with 
the probe-mounted radiator would be activated at probe 

' t T > , . 

separation. This loop would be available, however, if 
a partial failure of the spacecraft loop occurred dur-- 
ing cruise. This design would succeed witlr either 
atmosphere now postulated, without movable insulation. 

The most flexible, dependable, and certainly the most elab*~ 
orate thermal control system would be ‘a combination of the Heat 
Pipe System concept and the Active Cooling Loop concept where heat 
pipes would be used during cruise and a pump driven cooling loop 
would be activated at probe separation. This design is probably 
justified only-if-no more precise definition of the Titan thermal 
environment is established before the design must be finalized. 

Given reliable data from Pioneer, Voyager and continuing 
astronomy, the Heat Pipe System concept is recommended. 

Bata from present and future spacecraft systems using heat 
pipes will be available to justify or reject this preliminary 
recommendation. 

3. Summary of Thermal Control Designs -- The thermal control 
designs are suinmarlzed in Figure VI--12 for the three probe classes 
and the thin and thick atmospheres. The subsystem element thermal 
characteristics are given in this figure and their corresponding 
weights are given in the detailed equipment list breakdown of 
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Figure VI-12 Thermal Control Design 




THERMAL SUBSYSTEM ELEMENTS ; 
o INSULATION 

o ELECTRONIC HEAT DISSIPATION 
o RTG HEAT WASTE 
o ISOTOPE HEATERS 
o HEAT PIPES/BASE COVER RADIATORS 
FOR DUMPING EXCESS HEAT 


ATMOSPHERE 

THIN 

THICK 

PROBE CLASS 

A 

B 

c 

A 

•B 

c 

COMPARTMENT 
SURFACE AREA (m2) 

1.5 

3.3 

4.9 

1.5 

3.3 

4.9 

ELECTRICAL 





•* 


DISSIPATION (W) 

73.0 

95.0 

22.0 

73.0 

106.0 

*^2.0 

RTG 

DISSIPATION (W) 





200.0 



200.0 

ISOTOPE HEATER 
DISSIPATION (W) 

30.0 

65.0 

50,0 

30.0 

, 34.0 


TOTAL INTERNAL 
DISSIPATION (W) 

103.0 

160.0 

272.0 

103.0 

140.0 

222.0 

STEADY STATE 
HEAT LOSS (W) 

60.0 

1 

160.0 

270.0 

80.0 

140.0 

180.0 

INSULATION 
THICKNESS (cm) 

5.0 

7.0 

• 7.6 

5.0 

7.0 

7.6 

RADIATOR REQ'D 







FOR COAST PHASE 


X 

• X 


X 

X 


*10% PROBABLE SURFACE 


THIN (CH^) ATMOSPHERE 



INSULATION THICKNESS (era) 






Pi 




H 


THICK (N„) ATMOSPHERE * 



INSULATION THICKNESS (cm) 



P T^PATiTr TM ?0 TOATITTI "D^r t a rtrmrxT-rmrr -rv a *«• 



Table V-2; The steady state heat loss is based on surface opera- 
tion conditions which design the Class B and C probes* For the 
Class A probe, the isotope heapers are provided for the coast phase 
where the thermal heat loss Is much lower than on the surface where 
atmospheric conduction dominates. 
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VII. 


ORBITER SUPPORT REQUIREMENTS 


A. OPERATIONAL SUPPORT REQUIREMENTS 

1. Ground Checkout - See Table VII--1. The Saturn orbiter 
must provide subsystem support (structure, thermal, power, tele- 
communications) during checkout. The spin mechanism for release 
of the probe into Titan must be checked out also with the probe 
attached to the orbiter. 

2. Launch and Cruise - The following environmental and inter- 
' face considerations must be developed. 

a- A structural field joint is required to mate with 
the probe between the adapter truss and the* orbiter. 

b. The pyrotechnic shock levels, solar absorptivity 
between the bioshield base and orbiter, vibration 
levels, propulsion products contamination, ordi- 
nance combustion products contamination, orbiter 
RTG radiation protection, alignment, thermal con- 
trol (to supply heater power and dissipate the 
probe RTG heat load) must be further investigated. 

c. The bioshield cap should be separated from the, probe , 
during cruise. _ 

3. Special Operations - Cruise checkout,' GCMS bakeout and 
vent, and preseparation checkout 'are the operations requiring 
orbiter power to the probe, 

4. Separation Sequence - The orbiter will have to perform the 
following activities ^during separation: 

a. Spin up probe (with a spin table or by spinning the 
orbiter) . 

b. Orient the probe to the inertial attitude for entry. 

c. Release probe. 
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Table VII-1 Launch Site Operations 


o RECEIVE /INSPECT 

o VERIFICATION TEST 

o PREPARATiON 

o MOVE AND MATE ORBITER /PROBES 
o ORBITER /PROBES INTERFACE AND SYSTEMS TEST ■ 
o PATHFINDER TESTS 

o SPACECRAFT - SHUTTLE TESTS 

o DEMATE AND MOVE 

o INSTALL FLIGHT HARDWARE • 

o SCIENCE AND SUBSYSTEM TEST 

o FLIGHT COMPATIBILITY TESTS (RELAY LINK) 

o STERILIZATION • 

o PREPARE FOR MATE 

0 MATE AND LOAD COMPUTER 

o MATE WITH SHUTTLE 

0 LAUNCH 



d. Maneuver the orbiter' for proper timing and flyby 
altitude for communications through the relay 
link. 

e. Separate the bioshield base from the orbiter. 

5. Orbiter Flyby ~ Initial Encounter - 

a. The orbiter relay antenna (0.9 meters, diameter) 
must be pointed and slewed or step wise positioned 
(+12°) through a 140-degree total angle. 

b. - The orbiter recorder must have the capability of 

receiving and storing data for transmission to Earth 
(~15 X 10^ bits). 

6. Orbiter Flyby - Re-eucounter 

a- The orbiter must maneuver for the required flyby 
radius to support the relay link. 

b. The orbiter sequence must include initiation of 
recording of the relay link data at specified times. 

c. The orbiter relay antenna must be pointed and either 
slewed or step wise positioned through a 140~degree 
angle. 

d* The orbiter must transmit to the probe to activate 
the probe. (Probe also has timer as backup.) 

e. The orbiter will then receive probe data and store 
for transmission to Earth. 

B. ELECTRICAL INTERFACES 

The orbiter /probe interface must support. the power, command, 
and data requirements anticipated in Table 
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Table VII-2 Saturn Orbiter/Titan Probe Electrical Interfaces 


POWER 

o UNREGUIATED 28 VDC, 300 WATTS MAXIMUM TONTINUOUS TO TWO 150 -WATT REGULATORS 
o FOR CRUISE (CAL, C/0,- B/O, VENT) 
o FOR SEPARATION 

COMMAND 

o ACTIVATE PROBE SEQUENCER 
0 PYRO ARM/FIRE/SAFE FUNCTIONS 
o REMOTE ACTIVATION OF BATTERIES 
o SEPARATION MODE 

o 6 WATT, 100 OHM RESISTANCE HEATERS 
o ORBITER GENERATED READOUT ENABLE AND CLOCK PULSES 
o PRESEPARATION C/O 
o COMPUTER TO PCDA 
o SEQUENCER UPDATE . 

EMC 

O' COMPATIBILITY 


DATA 

o UMBILICAL FOR SIGNALS 
o CRUISE DATA POWER SOURCE 

o PRESEPARATION C/O DATA AT TWO DIFFERENT RATES 
(650 BPS, 2000 BPS) 




VIII. TITAN PROBE PROGRAM PLAN AND CQST 


A. PROGRAM APPROACH 

The program is- based upon fabricating- two flight-r.type probes. 
One is referred to , as a Proof Test Model QPTM] , the second a 
flight article. CThe.PTM is. a flight backup unit.) T\to sets of 
System Test Equipment (STE) assembled in two identical -vans are 
•used for all test operations of the two probes. The basic struc-:^, 
tural parts for both, the ,P3M and flight article will be fabri-' 
cated using one tooling setup. The PTM will be assembled first, 
and with simulators for components, subjected to a series of ' 
tests to obtain an early confirmation of the dynamic environment 
for all components. Also, early verification is* obtained that 
critical mechanical alignments are within allocations following 
exposure to significant mission environments. ,The PTM is then 
reassembled with qualification hardware .and subjected to the 
series of pro of -level environmental tests including a thermal 
vacuum test. 

The PTM testing proves the probe design x^ll meet the mission 
requirements with adequate margin. Therefore, the flight article 
will be subjected to only vibration and thermal vacuum tests to 
prove workmanship. 

The PTM is a complete, operational spacecraft, fabricated to 
flight article drawings, using flight-type hardware. 

Following completion of environmental testing in Denver, the 
PTM and its STE Van are shipped to the JPL for compatibility 
testing with the Saturn orbit er. Following this test they are 
shipped back to Denver ‘and the PTM is used for the final system 
level testing of the flight software, configured for shipment, 
and then sent to KSC. The STE Van is also shipped to KSC. 

Meanwhile the flight article is assembled and checked out, 
subjected to the vibration and thermal vacuum tests and configured 
for shipment to KSC. These activities require use of the second 
STE Van set. 
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B . PROGRftjyi PLAN 


The program plan is shown in Figure VIll-1, It is based upon 
an Authority to Proceed (ATP) of 1 June 1983 and a launch date of 
January 1987. A twQ~month project reserve is shown which can be 
utilized if unforeseen problems arise. The key milestones, in 
addition to those above, are the spacecraft Preliminary Design 
Review (PDR) and Critical Design Review (CDR) ; flight software PDR, 
CDR, Test Readiness Review (TRR) , Acceptance Review (AR) , and 
flight article and PTM on-dock data at ETR. 

Pt}ogrccm Assumptions - The following ground rules and assump- 
tions yere used in developing the Budgetary Cost Estimate and 
Schedule included in this volume. 

1. Titan Probe program .ATP on 1 June 1983. 

2. Phase B Study and Critical long lead activities will 
precede the 1‘June 1983 program start. 

3. Single launch on Shuttle is assumed. 

4. Ames is Probe Program Manager, Martin Marietta will per- 
form all probe integration functions with the spacecraft, 

5. The science payload is GFE. All science is delivered 
to Martin Marietta-by 1 August 1984. 

6. Science instruments do not have to be returned to 
suppliers for final calibration. 

7. No receiving bench tests are required for the science 
instruments . 

8. Martin Marietta will provide science interface docu- 
mentation. 

9. Science simulators are GFE. _ The simulators are represen- 
tative for mass, electrical loads, and thermal properties. 

, 10. The Saturn orbiter interface tool is GFE, 
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gure VIII-1 Titan Probe Program Pl-an 
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Martin Marietta will have access to the hardware speci- 
fication from 70 *75, Voyager, Galileo and other NASA 
programs which, used the hardware selected' for Titan Probet 

12, The Jupiter probe software and supporting documentation 
will be made available to Martin Marietta, 

13. Martin Marietta wilL perform all spacecraft operations 
at the ETR through mating and checkout with the Saturn 
probe and publish prelaunch activity reports, 

14- No mission operation activities are required for Martin 
Marietta- 

15- Martin Marietta is responsible for the following MA&D 
effort: 

a) MA&D Plan 

b) Mission Profile Specification 

c) Mission Design Review 

d) Reference Mission Design 

e) ’ Operational Mission Design 

16- ' Martin Marietta will perform the following major .functions : 

a) Probe Planning and Control 

b) Probe Integration 

c) Science Integration , 

d) Probe Test Planning 

e) Probe Prelaunch Operations 

17- A PTM will be built to flight drawings and will be used 
for environmental testing, orbiter compatibility testing, 
final flight software validation, and spare flight article. 

18. Component /subsystem qualification will be performed only 
on that hardware which is new or has major modifications^ 

to it- ‘ 

19. All offsite to Martin Marietta facilities will be provided' 
GFE- 

20. No Earth orbit spacecraft checkout will be performed 
which requires Martin Marietta support. 
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21 . 


The Hartin Harietta effort is complete at the time of 
launch except for Issuing a final spacecraft report, 

22, No mission support software is required from Martin 
Marietta. 


PARAMETRIC .COST ESTIMATE 

1. Introduction - Program costs for the Titan Probe mission, 
as shown in this section, were developed by analogy. Our Cost 
Analysis Data Base (CADB) , upon which, these costs ’ are based,* con- 
tains actual cost data collected from previous programs such, as 
the Titan ‘series, "Viking, Skylab, Pioneer Venus, SCATHA, and .many- 
others. Wherever possible, -the estimated cost for, a given compon- 
ent or subsystem was arrived at by multiple.methods;. i.e, , a piece 
of structure was estimated by. dollars per pound,, dollars per unit 
surface area*, ' and. by analogy to.' previously, built structures of 
similar complexity. This technique applies a -"test,, of reasonable- 
ness" that any single method lacks, and helps preclude gross errors. 

Similarly, costs for non-hardware portions of the probe mis- 
sion were estimated using CERs CCost Estimating Relationships) 
relating program, complexity and duration to required manpower, as 
well as other constituent parts relating to program management and 
administration. 

» t * ■' 

2 . Costing Ground Rules and Assumptions - The following ground 
rules and assumptions were used for this cost estimate. 

o Ground Rules 

- 2 Spacecraft - 1 Plight, 1 PTM 

- All $ are 1978 $ , , - ^ 

- Manufacturer startup. costs, are reflected in selected . 
procurement items 

Costs to integrate procured and GFE components are 
reflected at the component level. 
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-Assumptions 


-- Certain Viking hardware as well as selected hard^ 
ware from other previous missions is available to 
us as GFE 

- Shuttle interfaces are limited to latching mechanisms 
similar to the lUS mechanisms 

- Saturn orb iter interfaces are described elsewhere 

0 ' Management Task Labor Estimates 

Program Management Task Labor estimates were estimated 
based upon historical factors from previous programs* 

- Engineering Administration was estimated at 3% of 

' the total Engineering mapinonths, , 

- Contract Requirements and Documentation, Planning 
’ and Cost Management and Manufacturitig Production 

Control were estimated at 15% of the total Engi- 
neering manmonths* ' 

0 Material and Subcontract Costing Approach. 

The Material and Subcontract estimate for the Titan 
Probe is based upon new procurement, rebuy /refurbishment 
of Viking and other program hardware, and procurement of* 
NASA standards. 

Wherever possible, advantage was taken of existing, flight 
proven hardware. Where applicable, appropriate startup 
qosts were estimated, based on the complexity of the' 
equipment, the quantity to be procured, and the status 
of the supplier. 

3. Other Program Costs Comparison - Three different programs, 
reviewed for analogy to the Titan Probe. These were; 

e. The Pioneer 'Venus Large Probe (Martin Marietta Phase. 

C/D proposal updated to 1978 dollars) 
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b. The Viking Lander (updated to 1978 dollars and'' norma-' 
lized for non-re6urrlng B.&D' costs) 

c. The estimated Galileo cost (see Table VIII-1) 

Comparison Included changes due to probe ’usage and design Cl.e.-j r 
no Attitude Control System) , ’ ' • 

The Viking Lander can be compared to the Titan Class C 
probe with the following reductions. (See Table VIII~2) 

The cost -of the’ Class B hard lander differs from the cost of ‘ • 
the Class ’ C 'probe in experiment integration (5 less experiments 
on 5), power (no RTG on B)-, pyros, telecommunications (no receiver 
apd command detector on B) . In addition, a sequencer on B could 
replace the computer .used on C, The test, program differs, by' the 
surface life r equir eminent s for the- two probes 

Rationale' for d±fferences in costs between the different 
Glasses of Titan Probes: 

a. Structures and Mechanisms - The more science instruments, 
the' more complex are the mechanisms and housings. In 
addition, th^ size of the probe increases' as the science' 
complement increases. The soft lander requires additional 
design and development. 

b. .Parachute t- The differences are strictly caused by weight t 

c. .Thermal - Study of thermal problems oh the Titan' surface 

increases .the design , complexity.'. . . ... 

d. Power - Addition of the RTG on the Class C probe increases 
cost. 

e. Aerodynamics and Stability - Development testing costs 
increase with landing requirements. 

f. Coxnmunications - Two-way communication requirements for 
the Class C probe add to its cost. The Class A probe 
uses a smaller transmitter because of lower link 
requirements . 


VIII- 7 



Table VII I- 1 Other Program Costs 


Pioneer Venus (PV) Viking Galileo 

Iiarg,e.J*XPt>e Lander (VLl _Probe_ 


Project Management 

3.3 M 

43.1 M 


Systems Engineering 

5.5 M 

78.7 M 


Probe Subsystems 

23.6 M 

135.3 M 


Experiment Integration 

0.5 M 

6.8 M 


Systems Integration, 
Test, Launch 

3.5 M 

88.3 M • 


Product Assurance 

2.3 M 

33.4 M 



38.7 M 

385.6 M 

, 35-40 M 


Table VI 1 1-2 Normalized Costs of VL Compared to' Titan C Probe 



Normalized VL 

Titan G Probe 


Power 

- 

1/4 


Electronics 

- 

1/5 


Structures 

- 

' 1/3 


Thermal 


3/4 


Test and Launch 

* 

1/10 


Software 

" 

1/8 


Experiment Integration 

- 

5/6 



NOTE: Cost for Project Management (10,67o), Systems Engineering (25%), 

and Product Assurance (4.6%) are percentages of the cost of 
the rest of the probe. 
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g. Data Handling - The Class C probe has a large recordings' 
requirement. 

h. , GSE - The Class A probe - interface requirements are much 

less than the other classes of probes. ^ » 

i. Software - The soft lander has an ‘attitude control ^ 

‘ coiaputational requirement. 

j . System Development Hardware - Same 

k. Science Accommodation Cost is based on the number 
of instruments. 

l. Test aud Launch Support - .Test complexity varies as to 
time active on the Titan' surface; hard or soft landing 

m. Propulsion - Only the soft, lander has a propulsion 
system 
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APPROACH* AND MODEL COST SUMMARY 


For the Titan Probe, costs were developed for each, subsystem 
contained' in the program Work Breakdown Structure. Input data 
required for each item or grouping of items within each subsystem 
were derived from the subsystem equipment lists. Emperical data 
sets derived from Viking, Space Shuttle, SCATHA, or Titan, actual 
cost experience were used for each item as appropriate. 

Table VII 1-3 is a cost summary by WBS element for the Titan 
Probe. A few elements were not calculated because the‘ input data 
required was beyond the scope of this study. Where a cost was 
not available from the model, the analogy cost has been used. 

Table VIlI-4 presents the cost summary for the .baseline pre- 
entry science module depicted in Figure V-23. 

Table VIII-5 is a summary of the additional cost incurred for 
the baseline Class B probe when the mission surface operational 
time is extended 32 days to allow for increased science measure- 
ments and a re-encounter of the prbiter for a final science data 
transmission. 
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Table .VriI-3 Cost Summary 





Class 


p.*"? .»*■ 

WBS 

A 

B 

B 

c 

^ T ^ 



Hard 

Soft 


* ^ ^ 



Land 

Land 


“■■ ■ ■ “V 

Titan ^ 59 , be 

1.0 





- Probe' Subsystems 

1.3 





Structures & Mechanisms 

1.3.1 

5.1 

11.0 

24.0 

14.4 

Parachute 

1.3.6 

1.1 

3.4 

3,4 

3.4 

Thermal 

1.3.2 

1,0 

2.0 

3.0 

3.0 

Power 

1.3.3 

4.0 

4.0 

4.0 

5.5 

Aerodynamics ^^Stabi.lity 

■1.3.7 

0.6 

2.7 

8.0 

2.7 ' 

(ACS) 



• 



Communications 

1.3.4 

2.5 

5,5 

5.5 

8,0 

Data Handling 

1.3.5 

6.5 

6.5 

6.5 

9,0 

Ground Support Equipment 

1-3,9 

6,0 

9.0 

9.0 

11.0 

Software“ (Flight) 

1.3.8 

1.0 

1.5 

6.0 

2.5 

Systems Development 
Hardware 

1.3.10 

0.8 

0.8 

0.8 

0.8 

Propulsion 

-Separate 

- 

- 

L 0.6 .• 

_ 

- Science Accommodation^ 

1.4.3 

1..0 

2.6 

2.6 

3.4 

Test 6 c Launch Support 


3.4 

6.7 

18.8 

8.8 

*- Product Assurance (4.6%) 

'•1.5' 

' 1.5 

: 2.5 

■ 4.7 

3.3 

- Systems Engineering C2'5%) ' 

1-2 . 

8.2 

13.9 

25.5 

18 . 1 

- Project Management (10.6%)' 

1.1 

. 3.5- 

5.9 

10.7 

7.7 

Titan Probe Total 


46.2 

78.0 

143.7 

101.6 

Cost Ranges 


40-50 

70-80 

140-150 

95-105 . 
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Table VIII-4 Cost Estimate for Titan Probe Pre-Entry Module 

Probe Elements Affected: 

o Subsystem: Structure, Mechanisms, Pyro, Thermal, Aerodynamics, GSE 
o Science Accommodation for Four Experiments 
o Test 


Million 


Project Management 

$0.3. 

Systems Engineering 

0.6 

Probe Subsystems 

U 

Experiment Integration 

0.9 

Systems Integration, Test, 
Launch 

0.5 

Product Assurance 

0.1 

Total 

$3.5 


Note: Science Instruments Cost Not Included (GFE). 




VIII-13 


Table VIII-5 Titan Class B Probe Cost Estimate for Surface Operation Change 


32-Day Extension of Surface Operation Will Result in Additional Costs Caused 
by the Following Changes: 

“ Adding RTG (GFE) and Base Cover Radiator 

- Additional Analysis of Experiments in Operation on Surface 

- Additional Testing and Development 
Additional Thermal Analysis 

Estimated Cost Increase for 32-Day:Surface Mission: 

Million 


Project Management 

^ $0.5 

Systems Engineering 

1.2 

Probe Subsystems 

2.8 

Experiment Integration 

0.2 

Systems Integration, Test, . 

' 

and Launch 

• 2.0 

Product Assurance- 

0.2 

Total Cost Increase 

i ' 

$6.9 

Note: RTG Cost Not Included (GFE)., 




WORK BREAKDOWN STRUCTURE 


1.0 Titan Probe 

1.1 Probe Project Management 

1.2 Probe Systems Engr 

1.2.1 Systems Analysis & Requirements 

1.2.2 Interfaces and Configuration 

1.2.3 Verification Requirements 

1.2.4 Launch & Crew (Shuttle) Ops 

1.2.5 Design Integration 

1.2.6 Reliability Engr 

1.2.7 Mass Properties 

1.2.8 Environmental Definition 

1.2.9 Probe Mission Analysis 

1.3 Probe Subsystem Design, Fabrication, Development and Qualification 

1.3.1 Structural/Mechanical 

1.3. 1.1 Aeroshell 

1.3. 1.2 Mechanisms 

1.3. 1.3 Pyro Devices 

1.3. 1.4 Science Instrument Support Hardware 

1.3. 1.5 Probe Shell 

1,3.2 Thermal Control 

1.3. 2.1 Aeroheating Analysis 

1.3. 2. 2 Heat Shield 

1.3. 2. 3 Thermo-Physics Analysis 

1.3. 2. 4 Insulation Coatings Phase Change 

1.3.3 Power & Cabling 

1.3.4 Telecommunications (Transmitter, Oscillator* Antenna, Receiver/ 

CMD Detector, RAD)— ' 

1.3.5 Data Handling, Control and Computation (Transducers, Signal 

Conditioning, Processor) 

1.3.6 Parachute 

1.3.7 Aerodynamics & Stability 

1.3.8 Flight Software 

1.3.9 Ground Support Equipment 

1.3.10 Systems Development Hardware (Simulation) 

1.4 Probe Assembly and Verification 

1.4.1 Probe Assembly 

1.4.2 Probe Bus Verification 

1.4.3 Science Payload Integration 

1.4.4 Probe Verification 

1.4.5 Verification Software 

1.4.6 Launch Site Operations 

1.5 Product Assurance 
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IX. 


CONCLUSIONS ^ 


This study has defined the technical requireraents , conceptual 
designs, science' return and schedule/cost implications of three 
probe classes for 'use in Titan exploration •’ ‘"Based on these study 
results, the following conclusions have been made: 

j 

0 All ';i^rdbe classes' are feasible 'in both the thick and thin 
atmosphere. The thin atmosphere designs require a para- 
r . ehute to .provide sufficient descent time for , science, ^ 

- M-.* while the, thick atmosphere designs require., additional 
battery power to accommodate lengthy descent times, 

0 * The* hard - lander;^ concept is, a,. practical design approach 
for the Class B and C;probe/landers. The hard, lander 
, configuration provides : 

, , -r Good impact stability . , . . ^ 

>' , ' “ Low, penetration on ice or snow 
7 Flotation on liquid surface 

, o'- The :Glass B -probe .meets the oyer all science requirements 

f 

without major developments. The Glass B probe is 1.5 m 
in diameter with a mass of 227 kg. 

0 The Titan probe masses required to meet the study mission 
requirements are: 

, Thick Atmosphere '' Thin Atmosphere 

• (30% Prohable Surface) •' (Worst Case) 


Class A - ■ ' ■ • 



Atmosphere Probe 

114 kg 

113 kg 

Class B - 



Atmo sphere /Lander 

226 • ‘ 

• ■’ 227 

Class C - ' * 



Expanded' Atmos- 
phere/Lander 

351 

355 
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o The Titan probe program costs required to meet the study 
miasion requirements are; 

Class A -- Atmosphere Probe $40 ^ 50 ^ 

Class B Atmosphere /Lander $70 ^ 80 H 

Class C - Expanded' Atmosphere /Lander $95 >-105 H 

o Impact of thin versus thick C30% Probable Surface) atmos- 
phere on design is minimal. 

o Thick (10% Probable Surface) atmosphere increased Class B 
probe design weight by 30% over that of the 30% probable 
surface. 

0 32^day extended mission time increased Class B probe 
weight by 10% and program cost by 9%. 

o Soft lander concept increased Class B probe weight by J.7% 
and program cost by 84% due to the increased^ complexity 
of the guidance* attitude control, and terminal propulsion. 

o The pre^entry science module program cost is $3.5 M not 
including the science instruments which are assumed GPE- 

o The primary mission design drivers are: 

- Atmospheric uncertainty 

- Surface physical characteristics uncertainty 

- Eight-year flight time prior to probe operation 

- Data volume required to support imaging 

o The major hardware uncertainties are: 

- Surface sample acquisition .at low ambient temperature 
(70 to lOO^K) 

-- Properties of mechanical devices and materials at low 
ambient temperatures 

o No major new technologies are required for the Titan probe 
mission. However, some critical hardware development is 
required as defined above. 
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X. 


RECOMMENDATIONS 


Recoiranended areas for future study include:' 

o Titan physical properties model including atmosphere, 
surface, and light level definition, 

o Pre-entry science implementation, 

o Impact on probe system design of direct entry rather 
than out-of --orbit entry as baselined in the current 
study, 

o Science sample acquisition and handling at very low 
ambient temperatures (^ 70 '-- 100 ^K) , 

o Properties of mechanical devices and materials at very 
low ambient temperatures ( 70 - 100 ^K). 
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XII. 

A. 


APPENDIXES 

JPL TRAJECTORY DATA 

This appendix presents ’ the ' trajectory position- data for the 
oxbitex and probe as received from the JPL.. Data shown include 
orbiter stand-off distances Ci^adius at probe 'entry) of 10 R™, 

- * , U. 

20 and 22 R^, Definitions of parameters and conditions 
included are described in” 'the attached' sheets. 
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Note? to Titan Probe Entry Data 


1. Probe entry is assumed to occur at r * 3200 km with an entry angle of 
-30? The first table for each case uses probe entry time as the zero 
point of time, which Is expressed in seconds. 

2. RC is the radius of Titan. 

3. batitude and; longitude are fixed to surface of Titan. 

4. ■ Probe, phase is the angle between the Titan-probe line and the Titan-sun 

line. A phase angle of less than -90® implies that a body on the surface 
of Titan is in sgnligh't. 

5. All cases have been targeted such. that both probe and orbiter are at 
the same (Titan) latitude at entry time while their longitudes are 
such that the orbiter is lagging the probe by 30° of longitude at that 
time. 

6. The probe travels ballistically down from r = 3200 km to the surface 
of Titan at r = 2916 km. 

7. In the second table for each case the zero point for time is redefined 
as the time of peri apse of the orbiter. 

8. The aspect angle is defined as being the angle between the negative 
of the velocity vector (relative to the Titan atmosphere) and the 
vector from the probe to the orbiter. 

9. All azimuths are with respect to the N. pole. of Titan. 

10. Relative longitudes are based on a zero point of the longitude of the 
orbiter at periapse. 

Cases presented: 

2 Tita>n encounters, are consi deiced: 

a) Coming in on a 1:1 resonance with Titan with probe 
entry at: 94/08/05,11:51:56. 

-r =? (3.8851 , -16.3113, 34.4068) 

jV„| (ks'l) decl. (deg) R.A. (deg) Titan Equator 

System. 

b) Coming in on a 2:1 resonance with Titan with probe 

entry at : 94/07/20, 13:12:27. 

Vco = (3.8825, -19.3648, 17.7766) 

For each case the orbiter is delayed 30° in longitude with respect to the 
probe at entry. The standoff radius is taken to be 10 Titan radii and 
20 Titan radii for each case. 

For each of the 4 combinations time resolutions of and have their 

results presented. 
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22x53.1 

30.196 

-13,296 

29b, 216 

103,296 

• 000 


22«S3, J 

30.97*1 

"13,439 

2HB.267 

103,639 

• 000 


Spfi »s 


D-^TE O8i370 


•PA0E S'-" 


.poo 

• 000 

• boo 

• 000 

• OCQ 

• oco 

.000 

• uuo 

.ooc 

• uCO 

*000 

* •OtiO 

*000 

• 000 



• 00b 


• 000 

'6-"«069 

• 000 

-h,089 

• OOp 


• UOO 

-‘*•04*1^ 

• oog 

"<#t08V 

• OOP 


- 2 ‘<. 021 ' -? 2 , 5 S 5 

•>^3ta73 -93,i2i 

»23*724 

-ZJ.fadi -Vh.100 
-9H.67J 

»23.Jld 

-23i19H -95,6*«i 





<5'-l >^5- 


J. 

tI»£ 


- R/RC 

PKOaE 

LATITU0£ 

-tONSlTUOe 

R/RC 

ORB ITER 

latituoe 


M 

1 W M« 






1 

-7^00 

• u 


10»5&3 

1 6 . ?66 


27.751 

6,631 

2 

• 6 A L> 

* 0 


9,773 

19, i^O 

IBl ,220 

27.070 

8.230 

3 

•‘A'jO*- 

• 0 


0f 962 

1 fi, 0^3 

1Q0.*<70 

26.394 

s.eoe 

<i 

- E *1 U 0 

.0 


e# I5i 

I7.v30 

17V.59M 

2S.723 

5,362 

5 

-•rrtOQ 

♦ c 


7 t 3 j"? 

17,751 

170*561 

25.057 

9.692 

6 

2 uS 

• G 


6*527 

1/.5.23 

17?*312 

24.396 

9,396 

7 

-JutjO 

• C 


S.71U 

, 17, >22 

175*757 

23.745 

3.871 

a 

- j-UO 

« c 


*1.902 

liS.fiOS 

I73.7*i5 

23*100 

3.316 

9 

-2-ao 

«0 


S,091 

16, 1^6 

1 7 t ,C 10 

22.462 

2.726 

ZO 

-loUO 

tO 


3.283 

lb.22»- 

lo7,uJH 

2 1 . 1; 32 

2.106 

u 

-l<!uO 

• Q 


2*907 

13.&01 

UC.671 

21.212 

1 ,996 

12 

-o..'Q 

« 0 


1 *72c. 

V,k03 

1**8*9 m 

20,602 

,796 

03] 

b-S 


1.097 

“,□00 

l*!2<i630 

Esnsa 

.009- 

M 

<,oc 

«0 


i .000 

“ H »o®9 

1 1 2^Q9H 

>9,S16 

»,7B9 

Id 

uac 

*Q 


1 »ooo 

“S,c89 

1 1 2*0^H 

la.RS2 

-1,620 

16 

l»sQ 



1 .000 

-‘i.o®’ 

U2*G^*1 

18.282 

-2,507 

17 

2*t00 

»0 


i *ocu 

“‘♦,(389 

U2*Q9«i 

17,736 

-3,997 

le 

lo&o 

«0 


1*000 


U2*09H 

17.212 

-H.999 

ly 

3602 

f 0 


uooo 


1 l^•09M 

l4,70H 

-5,998 

20 

«<20C 

• 0 


1 .OCli 

' -H.o8» 

112«a9H 

•4. 217 

-6.612 

21 

i A 

• u 


i tOco 

-H.0«7 

1 12 .Q9H 

15,753 

-7,786 

22 

5*«00 

• c 


1 *ooo 

-H,o99 

1 iZ*Q9H 

15,319 

.-’.020 

-23 


• 0 


1 *000 

-H,o89 

U2*09H 

H.901 

-10.312 

2^ 

6 ^ V 0 

*0 


1 *ooo 

"H , 089 

1 12*09<4 

19,518 

-n .440 

> 2S 

7200 

♦ 0 


1*000 

-H.oev 

U2*09*l 

19, i66 

-13.057 

jL 26 

7j3': 

• c 


1 *000 

-‘<,089 

1 12.099 

13.89’ 

-19,997 

Ov 27 

a*f00 

*0 


i«oou 

-<«,o89 

U2*C9*i 

13.568 

-15,969 


7d00 

• 0 

““ 

l.OOO 

- sH’ro®’' 

' “T12,09*‘T' ' 

" T>,i26 

■‘..i'7,962 

29 

9600 

• Q 


1*000 

-R.nSv 

U2. 09** 

13.129 

-18,961 

.30 

10200 

#U 


uoou 

-H,o8? 

U2. 09*1 

12,966 

-20,998 

3t 

10«JOO 

• 0 


i «300 

-‘I.o®’ 

1 12*09S 

>2.882 

-21.906 

32 

n*too 

• 0 


1 »ooa 

“M , pfl 9 

112*09*1 

12.789 

-23,315 

33 

12000 

• 0 


1*000 

-H.oflV 

1 12*09*1 

12,762 

-29,650 

3h 

126Q0 

• Q 


1 .000 

-H,o 8’ 

1 12.C9<1 

>2.787 

-25,915 

3S 

1320Q 

%0 


1*000 

-9, 089 

1 12.094^ 

12,658 

-27 .079 

36 

1 3i>ao 

«0 


1*000 

-H.,)89- 

1 12.09*1 

I2.97S 

-28.122 

37 


.0 

4- 

1 *QpO 

-9,089 

U2.09<i 

13.136 

■ -29.051 

30 

15-00 

• 0 


1 .000 

-9,089 

1I2*09^< 

13.390 

-29,858 

39 

1 5e 00 

• 0 


1.000 

"<l,o8V 

n2*u9‘| 

13.585 

-30.599 

^0 

16200 

• 0 


1 *000 

-9,009 

112*094 

13,858 

-31, Ut 

•11 

l6bU0 

• 0 


1 *oco 

-9,089 

112*094 

19. t86 

.31.566 


J 7*tdO 

*0 


l.OOO 

-9,089 

112.094 

19,592 

-31,91? 

*♦3 

laooo 

«0 

r 

1 *000 

-9,q09 

112*094 

19,927 

-32,178 


1S«>Q0 

« 0 


1*000 

-9.089 

112*094 

15,3«2 

-32.355 

*iS 

192O0 

•.Q 


1*000 

-9.08V 

1 12.094 

15.783 

-32,959 

•16 

i?ayG 



uoco 

«9,u09 

112.094 

14.298 

-32,501 

H7 

20^00 

• 0 


1*000 

-9,089 

112.0^4 

16,737 

-32.99J 

H3 

21 030 



l.oco 

-9,089 

112.094 

17.296 

-32,936 


2* oOO 

• c 

6 

l.QOO' 

-9.089 

112.094 

17.773 

-32.395 

So 

2Z200 

«c 


1 lOoO 

-9,069 

1 12.094 

18,318 

-32.225 

51 

226Q0 

.0 


1 *OGU 

• -9.089 

Ur.094 

18.679 

-32.062 

52 

23^00 

• 0 


1*000 

-9,089 

112*094 

19.H53 

-31,919 

53 

2icLQ 

• c 


1 .oca 

-9.(j89 

1 12.094’ 

2q.u91 

-31,793 

5S 

2^-600 

«c 


1 «coo 

“9,o®9 

1 12.094 

2d',691 

-3 1,556 



ORKHNAL PA6€ 



A-17 




OATt* Od;237a 


RAgE 7^2 



23Z00,() / 

! *QCO 

-‘«,-009 

112.09*1 

'21.252 

*•31.362 

39* 102 

37t090 

57«0I X 

132*»53 

YES 

5o 

25o00,0 

I.OOO 

-“i.O®’ 

i 12.09H 

2i.fl73> 

-31.162 

37*S3i 

3^*991 

55*935 

132.375 

YES 

57 

Zo*tCi”' -0 

> •000 

-H.c-av 

1 J2.09<< 

^ '22*503 

-30*959 

36.095 

3 A • 7 9 2 

55*006 

I32.t'65 

YES 

^6 

2 7liOn , 0 

1 *000 


1 12*C9*1 


-30,755 

39*’6j7 

3A.692 

59*072 

132. coe 

YES 

57 

27nClJ.C 

I 4 COL' 

• “H.ijO*? 

1 12.091 

23.787 

-30.551 

3*^« 301 

3A*999 

53* ib.I 

131 .895 

YES 


2^2U0.0 

1 «coc 

— .009 

1 12,09*1 


-30.3«7 

i2cO*5^ 

3A * J9S 

52*337 

131 *8 1‘6 

YES 


2 6 4 Q 0 * (t 

i .coo 


112.091 

2^,100 

-30,118 

3o‘.C2 7 

3AU96 

•Si t523 

m.7bs 

yes 






r'ELLATI V£ 

probe 

-orsiteR OeOMETRY 

aspect 


I 

TIKE 

range 

elev.anc. 

AZIMUTH 

angle 

R£t«y£L« 





1 

-19 idO.S 

la. 165 

58.783 

23*,799 

37,282 


2 


i 6 • £5 S 

55.760 

236,337 

37,253 

3*980 

3 

- 17yoa.5 

ia.£67 

59,320 

205.780 • 

37.220 

3.967 


- 1 7 

1 S.3RCI 

59 ,v8a 

234,094 

37,181 

3.99s 

5 

- 167aCJ,3 

18.39'* 

60.79a 

234,230 

37,134 

‘*.005 

6 

-i6i£>0.5 

la.R&u 

6l.e02 

233.105 

37,075 

%.oia 

7 

**lSbdO#S 

ia,309 

63.o76 

231,577 

36,999 

9.035 

3 

•iMVdOflS 

18,571 

64,731 

229.377 

36.897, 

^.osa 

9 

- i9 j80.b 

ia.659 

67,1)35 

225.917 

36,747 

^.0^9 

10 

•:3760*5 

ie.7 J3 

70.7.fJ0 

219,626 

36.5Q8 

9.13-4 

il 

- 1 3 i 5C*5 

18.79V 

75.uS8 

204.587 

36,062 

-<.207 

12 

*- l2bdC:«5 

lo.''07 

78.706 

150,720 

3s,u28 

‘4*337 

13 

"llyaC^b 

19.1160 

5fa.394 

89.993 

31 .oH7 

‘4.571 

n 

•11380,5 

18.65£ 

48.U 11 

86,226 

41.189 

.000 

15 

-‘1G7S0*5 

18.061 

50,352 

87.356 

39.646 

tOUO 

16 

- 1 J i 30*5 

17. “64 

51,972 

0 6 a 6 4 7 

3a, 028 

.000 

17 

-9bO»J.5 

16.V2J 

53.674 

9,.. 133 

36.326 

*000 

13 

^ 5 9 8 0 « 5 

16,379 

65.457 

9 1,857 

34.543 

.000 

19 


is.asH 

57,321 

93,879 

32-.*7? 

• 000 

2C 

-7760,5 

isj 350 

59,25a 

96,274 

30.742 

.000 

21 

- 7 i V 0 • 5 

14.869 

61.259 

99,143 

28,741 

• GOO 

22 

- AboO^ 5 

i4,4i<* 

63.302 

102.620 

26,690 

.000 

23 

•by *»D **5 

13.967 

65.36s 

106,885 

24.645 

• 000 

if 29 

- 53 bO • S 

13,590 

67,368 

112.1*9 

22.632 

• 000 

M 25 

-9/30.5 

13.227 

69,762 

116.752 

2o.;33 

• 000 

26 

1 6G * b 

12.900 

70.427 

126,924 

19,073 

• COQ 

27 

-3580.5 

12.612 

72,208 

136,866 

17.7V2 

.000 

Z‘d^ 

*-29ao,v 

“ 12.366' 

• 7l79'3'2” 

■JT9,423" ■ 

'l7.06fl' 

• 000 

29 

-2350.5 

12.165 

72.941 

160,902 

17.059 

f 000 

3D 

- i 7 oO, 5 

12.0 10 

72.1*6 

173,198 

17.834 

• 000 

31 

- 1 1 ^C,5 

1 1 .Vo-V 

70.653 

164.292 

19,347 

.000 

32 

-bdC.S 

1 1 ,848 

66.s34 

193.671 

21.466 

• 000 

33 

1^.5 

11.842 

65,9*7 

201.313 

24,033 

• QOC 

39 

619.5 

11.387 

63,o9S 

207,453 

26.905 

.000 

35 

l2i9,S 

n.V62 

60.0^7 

212. 3b6 

29.963 

*OCiO 

36 

S a 1 ^ * 5 

12.126 

66,684 

216,379 

33.116 

.000 

37 

2919^3 

12.317 

63,706 

219,646 

36.294 

fOOO 

3» 

3019,5 

12.&S3 

60.566 

222.350 

39,444 

• 000 

39 

3619, b 

12.831 

47,472 

224.616 

42.528 

• 000 

90 

921^.5 

13.149 

44,482 

226.534 

45.516 

• 000 

91 

9619, b 

13.505 

41,605 

229.17s 

48.395 

• 000 

92 

5419.5 

13,894 

38.aS4 

229,592 

51,146 

.000 

93 

6ol^*5 

14,314 

36.234 

230.826 

53,766 

• QUO 

99 

6619.5 

14.763 

33,747 

231.908 

S6.2S3 

• 000 

95^ 

7219,5 

15.239 

31.394 

232,863 

58,606 

.000 

96 

7619,5 

15*738 

29.170 

233./12 

60.830 

.000 

97 

84 17,5 

16.255 

27.u7t 

234,470 

62.929 

• QOO 

93 

9C i 9 • 5 

16.796 

25.o9l 

235.151 

64,909 

• GOO 

97 

9ol9,S 

17. 356 

23.223 

235.76b 

66,777 

• COQ 

50 

102l9#5 

17.929 

21.4*2 

236.321 

68,538 

• 000 

51 

i0clV,5 

la .6 16 

19,dOO 

236,827 •' 

70.200 

.000 

52 

1 H19.S 

19.117 

18.231 

237.288 

71.769 

.000 

53 

12319,5 

19.730 

Io,74o 

237.710 

73.2S2 

• 00c 

59 

12619.5 

' 2Q.3S4 

15.34s 

' 238,097 

74.655 

• OQQ 






Probe p«ot»£ oRtfitet^ 


^ . P • A • 

P.P.AZ* 

LM. 

REI.L0N6. 

L A T • 

REL.LCN<i, 





“«2»160 

261 »434 

1 8.26a 

69.800 

6.631 

61 ,5C2 

*•81 .as6 

26s»9bM 

18.1V0 

*9,134 

6 . ^ 3 0 

65,698 

"81.425 

2 6i> • ^ M 

16*073 

68,3?6 

5 • tiOti 

59*061 

-80. av^ 

26|> • uG / 

17.930 

r7.50l 

5.362 

S8.V97; 

"80.21 1 

2b9 *h60 

17.751 

66,46/ 

4.692 

b8 4 3 

-79.320 

2ba «8b9 

17»523 

65.218 

4. j9* 

5/. 135 

-78. 152 

258*184 

17.222 

63,66? 

3 * 8? 1 

56.145 

-76*5-4/ 

257*-*00 

1 A « 8lib 

61 

3.316 

55.109 

-74«26l 


U • I9a 

58. 9U 

2./2B 

^<♦.046 

- 70 *80^ 

256*217 

15.229 


2. |06 

S2.687 


253t^>09 

13«b01 

4a, 577 

1.44* 

51.692 

-54.324 

251*025 

9.803 

36.b2l 

./‘»6 

SO * *43d 

-30*000 

246.654 

-•OOO 

10*^36 

tU0*4 

*♦9. 1 1 *♦ 

.000 

• 000 

--4.069 

*000 * 

- * 7 8 «4 

47,720 

• 000 

• uou 

--4 .089 

.500 

— 1 • 6 3 (J 

40,250 

• 000 

• ooo 

--♦.069 

• uuo 

-2 • b U 7 

44 ,*9 ; 

*000 

.000 

♦9^*089 

iUOO 

-3 • 7 

42.056 

• 000 

• UDO 

--♦.Q89 

• Oco 

-‘4.S‘4i4 

41.318 

.000 

.000 

-4.069 

.000 

-5,498 

39 

• 000 

• ooo 

-9.0^9 

.uco 

*” 6 • 0 1 2 

3 / *629 

* QOO 

*000 

-9.089 

• UQO 

-7,786 

3b * 

♦ tioc 

• ooo 

-*4*089 

.uoo 

-9.c20 

33.2/0 

• coo 

*UU0 

-4.089 

*000 

.1U.312 

30.947 

*000 

• ooo 

• 089 

.ODO 

. 1 1 *660 

^ a • 8 A 

• 000 

• UDO 

--♦,089 

.000 

- 1 3 * q5 7 

25.882 

.000 

*UuO 

--<.089 

.000 

-14.497 

23.129 

• 000 

• ooo 

--♦.089 

*uoo 

- 15,964 

20.2^5 

• ooO 

fOOO 

i--i*U89 

• UQO 

••l7‘i462 

1/.12I 

• 000 

*000 

- H • 0 89 

• ooo 

-ta.Voi 

I3.V/0 

• ooo 

*uOO 

-H.OB? 

• Ooo 

-20.446 

U.6^7 

• 000 

*000 

--4.089 

• ooo 

.21.906 

‘7. lb*l 

• ooo 

• ooo 

-H.U89 

• Coc 

.23.315 

3*S66 

• 00 c 

*000 

-H#oe9 

.uco 

.24*658 

•.1^1 

• ooo 

*000 

•M.089 

• OdO 

-25.915 

-3 * B0O 

• coo 

*000 

--<♦069 

. uQCr 

.27.u7h 

•^7.6b6 

• 000 

.000 

--4.089 

.000 

.28.122 

-U*bU 

•ooo 

• 000 

--4f Q89 

*000 

-29.U51 

-1S,32H 

• ooo 

• 000 

--♦.‘089 

• DOQ 

.29,858 

-19*096 

*000 

• ooo 

-*♦.069 

.000 

.30,541 

-28^ .dUH 

.000 

• ooo 

--<*089 

• Ooo 

-31,111 


• ooo 

• ooo 

-<♦.069 

.OOu 

—31.566 

-;d9 .92H 

»ooo 

*000 

--4. 089 

.000 

-31.919 

-33,300 

.000 

• OuO 

--♦.089 

• oco 

-32.l7a 

r36,53B 

.000 

. fOGO 

-*♦.089 

.UQO 

-32.35b 

-39,628 

.000 

• ooo 

--♦•069 

‘ .000 

.32.459 

-‘♦a ,&6B 

.000 

' *000 

^-4.089 

.000 

-32 . 5O 1 

**<♦& .3b 7 

«cou 

• ODO 

-9.089 

.000 

-32.491 

-‘♦7.9V/ 

.000 

• ooo 

-9.089 

• OOO 

-32.436 

-bC.4»J2 

• ooo 

*u00 

-*4.069 

• 000 

-32,345 

*“8 « d-1 A 

• QOO 

• 000 

-*• .069 

• OOU 

-32.225 

-bb*C67 

• oco 

• coo 

-S.069 

.000 

-32.082 

— b 7 . 1 6 1 

• OuU 

• UuG 

--*•089 

• ooo 

-31.919 

-b9.1 36 

« UOu 

• QUO 

--♦ .089 

.uoo 

-31,743 

-61 .OCO 

•ogo 

• uOQ 

-*4.G89 

• uOD 

-31.556 

- 0 2 * 7 b 9 



5 ^ * 



1321’fS 

Zo.vea 

56 

:ce ;’.s 

2! .630 

5/ 

Mn !?-» 

22.20 1 

*■^3 

Sic 

22.V39 


i5>a:?.s 

23.60*1 

62 

i <• z : ^ , 5 

2 f 2 7 

6 1 

1 oij ; 9 

2'*,’S3 





22C,<iS3 

75,^83 

12.7^S 

238,782 

■ 77.2‘i2 


23 7 , Q Bg 

70.*(3a 

10*^27 

237.366 

77,573 

9.3*47 

239,627 

80,653 

0*317 

239. £69 

01.633 

7.336 

2**0.09H 

«2.66‘» 


\ 


• QUO 

.000 

tOOQ 

-*♦.039 

• OQO 

.000 

• coo 

-H.039 

.000* 

.000 

• ouo 


.000 

.000 

• ODD 

^S.039 

.000 

• 000 

• 000 

.C39 

• 000 

• oao 

• 000 

-H.069 

• 000 

.000 

• 0 L,’ Ci 

-<4.069 


OAJC QH2376 PAGE 7« <* 


f 000 

-31.362 

•6*4,**2C 

.oca 

-31.162 

-65 .991 

• uOO 

-3U.9S9 

-6/*6*77 

• uoo 

-30.755 

-6d .bbb 

• OuO 

"30 «b5 1 

-70.221 

.iiOo 

-30.3*19 

-7l ,4469 

• Ouo 

-30.iHa 

-72,^95 




-U>. - 



TITAN 

PHQuE? 2C 

TITAN radii standoff* 






DATE OviJ 

78 

HAbE 


T Ih£ 


probe 



OKBlTER 


phoae 

CAMOP^S PROP 

orbitek 

C.AI, SJ.E 

Crb lit R 

I 

(5£CS« ) 

R/RP 

latitude 

LONOlTOOE 

R/RP 

latitude 

longituoi 


ELE V • ANO 

a2I«UTH 

C9X4VKg|lP« 

CANOPoS? 

A5HlCT 

i 

-7200,0 - 

10.623 

19,192 

182, tSS 

27.396 

7.091 

1*12.36*1 

29*709 

11.002 

216.702 

YL5 

3R. 100 

2 

-6ftCO,0 

9.009 

19.0*40 

181, S63 

3&.bS7 

6.562 

1*11,029 

29*303 

1 5.US7 

215,16b 

YtS 

31 .1 1 1 

3 

-si.OO.o 

8.9T6 

1«.917 

1&0.726 

3a. 331 

8.102 

139,699 

2b. 729 

16.162 

215,130 

YES 

31.1 12 


-SsoO *0 

0.10D 

18,767 

I7'?,e32 

3S,elT 

S.599 

138.222 

2a .01*40 

1 7 • 2o0 

211,776 

yes 

J *T ♦ ^ / fc 

S 

-4auo*o 

7,36B 

10,501 

178.820 

35.333 

5.073 

136.797 

?7t^00 

1 0 t S60 

211,101 

YL5 

Jl.t“l 

6 

-H200.0 - 

i,SS9 

18.392 

177,572 

29.091 

*1.523 

J3b.222 

2 A ♦ 1 & 2 

19.607 

211,003 

YES 

3 3 . V 9 0 

7 

-3600*0 

&,733 

18,027 

176, ot9 

29,377 

3,950 

133,896 

/‘f.0U0 


213.581 

as 

33,91b 

8 

•31.00.0 

<♦,917 

17,591 

17<),010 

33,930 

3.352 

132.018 

23*017 

22.257 

213.132 

YtS 

* 33.009 

9 

-29U0#0 

9.103 

16,95s 

171.281 

33.503 

3.730 

130.338 

20*521 

23 « 6U6 

2l2.febR 

YES 

33 • to 1 ? 

. ID 

- 1 tjQO ♦ 0 

3.293 

IS.9H3 

167, 3H 

33»U’5 

2.003 

128,80*1 

16*825 


2ia. Mi 

YES 

3 3.732 

1 1 

-12U0.0 

2.993 

19,136 

160.969 

22,707 

1,912 

126.816 

i 

26 **4X7 

211.697 

YtS 

J3 .to 2 1 

13 

- to 0 0 * 0 

N729 

10.363 

1-19. 25M 

22.392 

.717 

|2*(,97H 

1.103 

2 7 , # 9 7 

211.012 

YtS 

33 .h/3 

U 

>0 

1.097 

-.000 

123,00 1 

32.000 

-.001 

123.076 

29*909 

2? • *402 

210.301$ 

yES 

3**4. ^75 


<>00.0 

1.000 

••*4,275 

113. 61S 

21.663 

-.791 

12'1 .130 

1|).V72 

30.939 

209.710 

YtS 

31. 735 

15 

12u0.u 

t.OOU 

-H.275 

1 12.615 

2| «3f 0 

-1.501 

119,129 

9g .022 

32.505 

208,983 

YES 

3 6 . / 0 1 

16 

1800,0 

I .000 

"‘(,275 

112.615 

Zl.lS** 

-2.260 

117,079 

1C*872 

3H .09S 

208.199 

" YtS 

30.009 

17 

2SoC,0 

i.ooo 

-9,275 

112.615 

20.065 

-3.075 

119.960 

9Q.b22 

35.702 

207.351 

YtS 

Rl .OSS 

• 10 

301)0,0 

1.000 

-9,275 

1 12.615 

20.679 

.■3.883 

112.837 

*4 0 • 3 7 2 

37.320 

208.132 

YtS 

13.^75 


34>-jO.Q 

l.OCiU 

-9,275 

U2.615 

20.993 

-9,703 

llU.851 

9c*-i42 

38.992 

205,137 

YES 

MS f^H2 

20 

<.2t)C,0 

1.000 

-9,275 

113,615 

20,39 1 

-5,529 

108.128 

9 t u 7 2 


2UR.3S0 

YtS 

m 7 « &bi 

2 1 

9 to D 3 * 0 

l.cpo 

-S,275 

1 12,615 

20.220 

-6 .360 

106.170 

3V.V22 

12.181 

203 .186 

YES 

50, jfl 

‘22 

S <100,0 

1.000 

-9,275 

112*615 

20.130 

-7,190 

103.881 

3V6/72 

13.739 

201.916 

YES 

S a . 's E M 

23 

6C‘COwO 

l.UOO 

-9.275 

112.615 

20,072 

-8,017 

101,57<( 

39.822 

RSfiaa 

20C.S39 

YtS 

S M 1 V b X 

> 2*4 

6 6 ^0 ( U 

1.000 

-9,275 

112.615 

30.0S6 

-8,836 

99 ,2*16 

39.173 

<i6f /Si 

199.U19 

YES* 

s 7 . 3 ft 

ro 

7 2 u D , 0 

1.000 

-9.275 

112,615 

20.0&1 

-9 ,6*13 

96,906 

39.323 

^8.222 

197,112 

YES 

b V 1 

O 26 

7t jc*n 

1.000 

-9,275 

112,615 

30.089 

. -I0.H35 

99,561 

39.173 

•49.596 

l95,7ll 

YES 

6.:. 1*4 1 

27 

69CO*0 

l.OOU 

-9.275. 

• U2.415 

30, 158 

wl 1.708 

92.217 

3<r«021 

SC«0^2 

193,863 

YES 

OM . b 1 7 

2e 

9&G0«U 

1*000 

-9.275 

112.615 

20.259 

-t 1.958 

89.879 

3#.»/1 

S2*100 

191,893 

YES , 

6 6 « to to ^ 

2^ 

TtoODtU 

1 iOOO 

-9.275 

112.615 

30.391 

>12.883 

87,551 

33.725 

53«2U 

189.808 

YES 

69.109 

30 

|C200»U 

1.000 

-9.275 

' 112.615 

20.553 

• -13,381 

85.219 

38.575 

SH.aie 

187,617 

YtS 

V 1 . *4 7 i 

31 

1 0 to « 0 

1 .000 

-*9.275 

112.615 

20.7‘J‘t 

-11.0H9 

82,968 

38.128 

5b. 116 

185,331 

YES 

7 3 * 7C0 

32 

1 

1.000 

-9,275 

112.615 

20.985 

>1*1,685 

80,717 

38.277 

Sb.097 

182,976 

YES 

7S . b V a 

33 

12CU^«0 

1.000 

-9.275 

112*615 

21,219 

-16,289 

78.5oO 

38.127 

S to .06 2 

180.562 

YES- 


3H 

126DC*0 

1.000 

-9.275 

1 12.61S 

2l ,.‘(89 

-15,661 

76.323 

37.978 

57.11 1 

176, U& 

YES 

0Of 1 Lii; 

35 

I32uD«o 

1.000 

-9,275 

112.615 

21,791 

-18.399 

71.188 

3/.U29 

5 7 • 5 *» n 

1 7 5 . 6 6 0 

YES 

0E ♦ n 3 

36 

1360D|0 

1 .000 

-9.275 

112.615 

22.117 

-18,9(J*1 

'72.100 

37.880 

-57.869 

173.221 

YES 

SM .06 X 

37 

l9*u)0 ,0 

1.000 

-9.275 

112. 615 

22.S87 

-17,376 

70,059 

37*531 

50.067 

170.52c 

YtS 

b to . V ‘1 5 

38 

ISCU3«0 

I.ooo 

-9.275 

112.615 

22,B**0 

-17,817 

68.070 

37 . 382 

50.7u6 

168 .180 

YES 

fc 7 • ? 6 '4 

39 

|S6UD»U 

1.000 

-9.275 

112.615 

23.235 

-ia, 22 « 

66.132 

37.233 

S&.235 

166,219 

YES 

09 .bl6 

^0 

162DQ*0 

I.ooo 

-9.275 

112.615 

33.A50 

-18,606 

61.217 

37 »u81 

SS.162 

161.051 

YES 

9 1 J' 

‘tl 

I6<^00«0 

1 .000 

-9,275 

1 12.615 

3S, 0,8*1 

-18.958 

82, 11-7 

36*935 

Di0 .'Ubb 

181,987 

YES 

V ^ V b 3 

^2 

17h00«0 

I.ooo 

-9,27b 

112.615 

2H,S3‘7 

-19,282- 

80.810 

3/ *787 

57. 06^ 

160.036 

YES 

9M V j s5 

**3 


I.ooo 

-9.275 

112,615 

25.097 

-19,581 

58.917 

3**638 

5 7 .,6 W 

158.202 

YES 

9S .bb'i 


idtoOD.O 

1 .000 

-9.27b 

112,615 

25.‘(9M 

-19,856 

57,218 

3*. 189 

S7 f322 

158.186 

YtS 

V7 , J19 

95 

19200*0 

1.000 

-9.275 

112.615 

2S-.998 

-20.109 

55.831 

36*311 

,5-if V07 

151,857 

yes 

96.69;, 

96 

19600.0 

1.000 

-9.275 

112.615 

28.513 

-20.3^0 

51,088 

3**192 

569^19 

153.102 

YES 

1CG.« 19 

97 

20hqD,U 

1.000 

-9.275 

U2. 6|5 

27,09*1 

-20.552 

S2.5’52 

3* *1*11 

56.22^ 

152.027 

Its 

IEI.207 


2iu00*0 

1.000 

-9. 275 

1U«6|5 

27,587 

-20. '7*15 

51.087 

36*896 

^5.007 

150.756 

YES 

10,C.SE2 

99 

216U0*0 

t.odo 

-9.275 

112,615 

3S,I*(3 

-20.922 

19,670 

35*717 

55«37b 

119,56b 

YtS 

1 G 3 » to 6 7 

50 

22200*0 

1.000 

-9.275 

112.615 

28,711 

-21.083 

13.300 

25*599 

SR. 930 

118.505 

YtS 

10*1 . ;0R 



A-21 


TiT*V P«<Cdt. 2 o TITAN RADil STANDOFF 


DATE 092 l 7 t» 


PAGE 


i 


TIME 

(StCS.) 


H/KP 


PHOBe 

LATITUDE LONOitUDe 


ORBlTER 

latitude LONOItUOe 


pRobe cawopus from obbiteR can See ckbit£r 

Pf’ASt eLeV.ANO, aJINDtH CAN 0 P 0 S 7 AiPtC.T. 


Si 

22'SCO.O 

1,000 

-•*,275 

lU.&lS 

29,289 

-21,229 

16,971 

abt'iSJ 

51,177 

1^7.512 

YES 

ICS.tiSS 

52 

22‘4l>C.o 

1 ,000 

-*».27& 

U2.61S 

29,877 

-21,363 

15.693 

3S«3Q3 

SI. 019 

1 * 16 , bve 

yes 

106,882 

53 

4'<uL0,0 

1 ,000 

-M.275 

I12.&15 

30,175 

-21,181 

11.153 

JbiibS 

53,558 

i**b»757 

YtS 

107,868 

5H 


1 ,000 

-*(,276 

i U*6 IS 

3 1,082 

-21,593 

13.251 

35*00/ 

53,097 

IHH ^9 tih 

YtS , 

lL8,bl3 

55 

2 b20C.0 

1,000 

-H,27S 

2 12«6|S 

31,690 

•21 ,693 

12,093 

3H *d59 

52,638 

iH‘i*27^ 

tts . 

109.7^1 

/S6 

^.BdUO.Q 

1,000 

“‘*,275 

1 22f 625 

32,322 

-21,782 

10,96? 

3^*?i 1 ' 

62, I8z 

1*13 ,620 

YES 

1 10,692 

57 

26100*0 

1,000 

-M,27S 

, 1 22«615 

32,953 

•21,063 

39.082 

3^*56H 

51,731 

l*«3ot}l9 

YLS 

111,129 

Sd 

27CUU.O 

1,000 

-1.275 

2 22^615 

33.591 

• 2 1 ,936 

30,828 


51,285 

1 H H 6 5‘ 

YES 

112.233 

S9 

2 7 0 ly 0 * 0 

1 ,000 

-1.276 

IU*62S 

3<*,236 

.22.002 

37.067 

3<i*269 ' 

50,816 

HUV&5 , 

YES 

113.605 

00 

28200,0 

1,000 

-1,275 


31.808 

•22,061 

36,010 

3^*121 

60»111 

JH 1 

YES 

113.718 

61 

2&<9{jO,a 

1 tOOO 

-1,275 

2 12t6tS 

35,516 

-22,111 

35.859 

33*^7h 

19.990 

1^1*050 

tts 

111.163 



A-22 


Titan 

PR0|»£« 20 

titan RAOIl 

STANOOFF 

« 






DATE 092176 

PAGG 


Tl"E 

PROBE-ORBITER CEOHETRY 

PROBE 


probe ■ 


PHoBt 

uRb iMn 

1 


R/RP ELLV»ANG, 

AZIMUTH 

aspect 

RFt*VEL. ‘ 

F , P ♦ A, 

f ,P,*Z, 

lAT« Rtt 

.L0N5t 

LAT, 

htl. 

\ 

«;2oo.o 

20.509 

29.874 

258,0*2 

67.891 

3.9V0 

-82.221 

2f.ut991 

19,142 

93,682 

7.tHj 

H3to?a 

z 

-*auu,0 

2q*526 

30. 3*7 

257.695 

67.707 

3.996 

-8|.a*a 

260*^23 

19,040 

82.997 

6,faai 

92.b^3 

3 

- 6 JOO.O 

20.593 

31,007 

257 • 7qo 

67,516 

*<.0C3 

-81,468 

Z6l «U26 

18,917 

82,241 

6*102 

y 1 • 163 

H 

-5<*0C.0 

20t561 

31,737 

257,46b 

67,321 

H.OM 

- 80,937 

2b9.*«9b 

18,7*7 

81,366 

5,b99 

39.736 

5 

-seuo.o 

20«58a 

32 . *2% 

257,188 

67,113 

<4.022 

-bo. 258 

2bb.921 

18,581 

80.334 

^ » L ^ 3 

3t *i6l 

6 

-HiC'O.O 

ZOwOQQr 

33,730 

256,843 

6*. 891 

<4.035 

-79.375 

2bb«292 

18,342 

79.087 


36 .736 

7 

»3e.o0,0 

20.622 

35,145 

256.407 

66.649 

H.Obl 

-78.204 

257.565 

18,027 

77.533 

3 f V5c 

3b* 16C 

8 

-30(i0.o 

20*695 

37,021 

255,840 

6 *. 374 

*4.673 . 

-7*,6d3 

256.74^6 

17,591 

T b • b 2 b 

3« jb^ 

33*b32 

9 

-2400. D 

20*672 

39,431 

255,07* 

6*. 046 

<4.lO<4 

-74,323 

2b5f 77i 

16,954 

72.79b 

2 * ? 3o 

3 1 .ab2 

10 

-IdoO.o 

20.709 

43.Su 

253,997 

6S.614 

<4.i&0 

-7o»*74 

2b^*N66 

15,»943 


2*0^3 

3 0 * 1 i 6 

U 

-1200.0 

20.799 

49 ,B*a 

252,390 

64,954 

<4.222 

-65,178. 

252t70*4 

14,136 

62.H83 

1 «Hl2 

2b*33C 

12 

-*00,0 

20.Ru2 

61 ,9S* 

249,937 

63,649 

<4.3&2 

- 54,394 

25ui » i 1 3 

10,268 

5Q.766 

• 717 

^6 • sbB 

1 3 

.0 

20.903 

9 O.OO 0 

247,557 

6q,003 

H.SB5 

-30.000 

2^7t6^& 

-,000 

2**.bvb 

-•tOi 

2H.iaV2 

IH 

*00.0 

20.696 

60,347 

67,66* 

9,653 

.000 

,coo 

• 000 

-4.275 

IH. 129 

-.7Hi 

22«6^H 

IS 

1200.0 

20.398 

82.S82 

67,096 

7,416 

tOOO 

,OCO 

• UUO 

—4,275 

IH, 129 

-1 fdOl 

2u*6*i3 

u 

1 sOO . 0 

20.128 

64,875 

66,020 

5,125 

tOOO 

,000 

• 000 

.4,275 

l<<tlZ9 

^2 fiSc 

Ib« bV3 

17 

2400.0 

19.836 

87,219 

63,12* 

2 . 7 BI 

tOOO 

,000 

• 000 

-4,275 

l*it 129 

•3 • U ^b 

1 6 * H95 

18 

3uQO,o 

19.679 

09,S27 

29,448 

.473 

.000 

,000 

• QOU 

-4,275 

Hfl29 

•3*603 

l^*3bl 

19 

3*00.0 

19.993 

87.893 

257,605 

2.107 

.000 

,000 

• 000 

-4,275 

1<*^129 

-<i*703 

U*i6b 

20 

<*200,0 

|9*399 

es,4ia 

253,097 

4,582 

.000 

,00U 

• 000 

— 4 ,275 

l*<fl29 

•b,b29 

9*9H2 

* 21 

HBOO.O 

19.227 

82.903 

251,723 

7.097 

fOOQ 

,□00 

• UOO 

.4,275 

l<if 129 

•6 • j6l 

?*6b^ 

22 

5400,0 

19.199- 

8Q.36I 

251*048 

9,639 

.000 

.000 

• 000 ‘ 

.4,275 

1<<*12V 

•7.i9g 

St 

23 

*coo,o 

19.093 

77,801 - 

25oi*42 

12,199 

.000 

,000 

• 000 

.4,275 

!<*• 129 

•6 *U 17 

3 fLOa 

2H 

B*uO,0 

19,077 

75,232 

250,3*5 

14,768 

tOOO 

,000 

• 000 

. 4 ,275 

Hf U? 

•6*b3A 

• 760 

> 

7200.0 

19.099 

72,6*4 

250, t62 

17,336 

.000 

,000 

• 000 

.4,275 

I<«tl29 

-9.6«3 

•1 .b79 

T 26 

7B00,0 

19.195 

70,104 ' 

250,004 

19,896 

tOOO 

♦ 000 

tOCU 

.4,2 75 

!<<• 129 

•10*H35 

-3«92S 

lo 2 7 

z i 

shoo.o 

19.230 

67,5*1 

249,875 

22,439 

.000 

« 0 oc 

• 000 

-4,275 

;i<<.i29 

*Ut*e06 

•6*^69 

23 

9000.0 

19.398 

*5,043 

247,7*3 

24,957 

fOOO 

,Ood 

• uuu 

.4.275 

l**.129 

•11*956 

•0.607 

29 

9*00,0 

19.998 

*2,557 , 

, 249,675 

27,443 

.000 

,000 

• too 

.4,275 

IH.Uy 

•12.603 

<-10*932 

30 

10200,0 

19.680 

*0,111 

249,594 

29,389 

tOOO 

,000 

tCOO 

.4 ,275 • 

1*1*129 

•13*301 

•13*237 

3t 

IO 8 OO.O 

19.892 

57.711 

249,521 

32.289 

fOOO 

,000 

• too 

-4.275 

l*til29 

•I'l.Gsy 

•ibtbia 

32 

114U0.0 

20. 135 

55,3*2 

249,454 

34,638 

.000 

,000 

.000 

.4*275 

n* 129 

•1 R *605 

•17.769 

33 

12000,0 

20.906 

53,0*8 

249,393 

36.932 

fOOO 

,000 

• UOO 

—4,275 ' 

rui29 

• 1 b • 2 0 9 

•1 9 * vbb 

3H 

l2sC0.0 

20.705 

50,833 

249,336 

39,167 

tOOO 

.cop 

• UOO 

.4,275 

IH.129 

-lb*b6 J 

•22.163 

35 

13200.0 

21.030 

48,6*1 

24.9, 282- 

fll.339 

toqo 

,000 

• OQU 

-4^275 

1*^.129 

- i c» .399 

•2S*297 

36 

13800,0 

21.380 

46.552 

249,231 

43,448 

.00.0 

,uoo 

• UOO 

-4,275 

1H.12V 

- 16. VC«* 

•26 ♦ Jb6 

37 

14400,0 

21.755 

44,510 

249,183 

45,490 

tOOO 

• Ooo 

. *000 

.4,275 

l<*t 129 

• 1 7*376 

•26 *4,27 

38 

IBOOO.O 

22.152 ’ 

42,533 

249,136 

**7,467 

tOpO 

,000 

• UOO 

-4.275 • 

l<t*l27 

-I7*ai 7 

-30.H16 

39 

lS600,Q 

22.571 

40,422 

249,091 

49,378 

tobo 

*000 

fOCD 

.4,275 

1<4.129 

•10*226 

-32.3b<* 

90 

1*200.0 

23.011 

38,77b 

249,048 

Si.222 

tOOO 

.000 

• 000 

-4,275 

H.129 

•l0.e»G6 

-3*I*^38 

91 

18800.0 

23.969 

' 3 *, 998 

249,006 

53.002 

tOOO 

,000 

• coo 

-4,276 

1*<.129 

-Ib.VSa 

•36*ao9 

92 

17400,0 

23.996 

35,282 

248,964 

54.718 

.600 

,060 

fOCO 

-4,275 

!*♦# 129 

• 19*202 

• 3 7 * d H 6 

93 

laooO.o 

29.990 
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COMMUNICATIONS LINK ANALYSIS 


Probe-orbiter communications link geometry • (range and aspect 
angle) were calculated using JPL data from Appendix A and entry 
trajectories data calculated by Martin Marietta. For trajectory 

't 

times prior to^ the entry interface (3200 km radius) , both orbiter 
and probe radial distance and sub-latitide* and longitude data are 
from Appendix A* For times after the entry interface has passed, 
orbiter data are from Appendix A and probe radius, flight path 
angle, heading angle and latitude-longitude position are from 
entry trajectories run by Martin Marietta* 


Communication link geometry equations were derived as follows: 

\ 


Orbiter Lat-Long 



Cos 6 = Cos (MAT)' X Cos (ALONG) . 


( 1 ) 




Probe 


V cos Y 


R cos (6-90^) 








R = -i R Cos Aij; Cos (3-90°) + j R sin Cos (3~90‘^)__ 


+ k R sin (3-90°) 


V =-i V Cos Y + k V sinY 


■R 


* 1 ^ =— i Cos Aij; Cos (3-90°) +' j sin Ai}» Cos (3-90°) 
fk'sin (3-90°) 


V 

1^1 


-i Cos Y + k siri y 


R . V = |r 1 jv] CosA 

Cos ^ = (-i Cos Ai{» Cos (3-90°) + j sin A^pCos (3-90°) 
+ k sin (3-90°) /R 
• (-i Cos Y'+ k sin Y) 

Cos ^ = Cos Ai^ Cos Y Cos (3-90°) + sin Y sin (3-'90°) 


^ “ Cos 

where 


-1 


sin Y sin (3-90°) + Cos Y Cos Aij) Cos (3-90°) 


■B 


(4) 


= 270° - U\ - Ini 


= heading of probe (trajectory, data) 
T| == Cos ^ (tan A Ion * ) 

■CQ.X1 0 
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